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OVERVIEW 


Nevada  Creek  Dam  is  located  on  Nevada  Creek  in  Powell  County 
(Figure  1).  The  project  is  located  approximately  9  miles  upstream 
of  the  town  of  Helmville  adjacent  to  Montana  Highway  141 
(Figure2).  Figure  3  provides  a  general  layout  of  the  dam,  spillway 
and  outlet  works.  Figure  4  show  the  location  of  the  monitoring 
wells  and  weirs. 

The  dam  is  owned  by  the  Montana  Department  of  Natural 
Resources  and  Conservation  (DNRC)  and  is  managed  by  the  State 
Water  Projects  Bureau  (SWPB)  of  the  DNRC.  The  Nevada  Creek 
Water  Users  Association  (herein  called  the  "association")  operates 
and  maintains  the  dam. 

The  earthfill  dam  was  completed  in  1938.  Nevada  Creek 
Dam  is  105  feet  high  and  1,083  feet  long.  At  normal  full  pool,  the 
reservoir  storage  is  1 1 , 1 52  acre-feet. 

The  dam's  outlet  works  consists  of  an  eight-foot  diameter 
gate  tower  with  two  54-inch  diameter  valves  (slide  emergency  gate 
upstream  and  a  butterfly-operating  gate  downstream).  The 
controls  are  located  in  a  gate  tower.  The  maximum  capacity  of  the 
outlet  works  is  933  cfs. 

The  spiUway  is  a  concrete-lined  chute  having  a  100-foot  wide 
crest,  with  the  chute  tapering  to  30  feet  at  its  base  with  a  flip 
bucket  for  energy  dissipation.  The  maximum  capacity  of  the 
spillway  is  15,900  cfs  at  the  dam  crest.  The  estimated  safe 
capacity  of  the  spillway  is  4,530  cfs. 


In  October,  2000,  a  feasibility  study  to  rehabilitate  the  dam 
was  completed  by  HKM  Engineering,  Inc.  The  preferred  alternative 
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for  rehabilitation  is  to  build  a  new  primary  spillway  adjacent  to  the 
existing  spillway.  Excavation  material  from  the  new  spillway  would 
be  used  to  "bury"  the  old  spillway.  The  spoil  material  would  be 
placed  as  erodible  fill  that  would  wash  out  and  provide  an 
emergency  spHlway  if  flood  levels  exceed  the  5,000  cfs  design 
capacity  of  the  primary  spillway.  The  combined  capacity  of  the  two 
spillways  would  be  approximately  15,000  cfs  (one  half  the  PMF). 
Seepage  and  embankment  improvements  wUl  include  extending 
the  outlet  conduit  125  feet,  constructing  a  toe  berm,  and  installing 
relief  wells  and  drainage  devices  to  control  downstream  seepage. 
HKM  is  currently  working  on  the  final  design  and  construction  is 
anticipated  to  begin  in  the  fall  of  200 1 . 

Water  from  the  reservoir  is  primarily  used  for  agricultural 
irrigation.  The  reservoir  is  also  used  for  water-based  recreation 
and  the  regulation  of  stream  flows. 
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STATISTICAL  INFORMATION 


General 

a.  Owner 


b.  Operator 

c.  Location 

d.  Latitude 

3 

Longitude 

e.  County- State 

f.  Watershed  Location  , 

g.  Drainage  Area 

Principle  Elevations 

a.  Maximum  Dam  Crest 

b.  Normal  Full  Pool 

c.  Spillway  Crest 

d.  Top  of  Intake  Tower 

Reservoir 

a.  Length  of  Maximum  Pool 
(approximate) 

b.  Surface  Area 

(at  normal  full  pool) 

Storage 

a.  Maximum  Storage 
(at  dam  crest) 


Montana  Department  of 
Natural  Resources  and 
Conservation  (DNRC) 

Nevada  Creek  Water  Users 
Association 

Sections  1 1  and  14,  Township 
12  North,  Range  10  West 

46.80° 
112.8r 

Powell  -  Montana 

Nevada  Creek,  Blackfoot  River 
basin 

145  square  miles 

4,627.5  feet 
4,615.85  feet       ^  ^ 
4,615.85  feet 
4,540.8  feet  . 

2  miles 
368  acres 


15,903  acre-feet 


b.  Normal  Storage 
(at  spillway  crest) 


11,152  acre-feet 
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c.  Maximum  Surcharge  4,751  acre-feet 

(from  spillway  to  dam  crest) 


5.  Hydrology 

a.  Inflow  Design  Flood 

b.  500-Year  Flood 

c.  100-Year  Flood 

6.  Embankment  (Dam) 

a.  Type 

b.  Structural  Height 
Hydraulic  Height 

c.  Crest  Length 

d.  Crest  Width 

e.  Downstream  Slope 

f.  Upstream  Slope  (above 
elevation  4 , 6 1 6 . 0  feet) 

g.  Upstream  Slope  (below 
Elevation  4,616.0  feet) 

7.  Outlet  Works 

a.  Size 

b.  Length 

c.  Control 


Probable  Maximum  Flood 
(PMF)  19,733  cfs  peak  flow 

4,533  cfs 

3,190  cfs 

Earthfill  | 

105  feet 
88  feet 

1,083  feet 

25  feet 

Iv  on  2h 

Iv  on  3h 

Iv  on  2h 


5-foot  diameter  reinforced 
concrete  pipe 

472  feet 

54-inch  diameter  gate  valve 
upstream  (emergency  gate) 
and  a  54-inch  butterfly  valve 
(operating  gate)  The  gate  valve 
is  operated  from  the  bottom  of 
an  8-foot  diameter  tower.  The 
butterfly  valve  is  operated 
from  the  top  of  the  tower. 


d.  Capacity  -  •         860  cfs 

(reservoir  at  normal  full  pool) 
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e.  Capacity 

(reservoir  at  dam  crest) 

f.  Top  of  the  Intaike  Tower 

g.  Design  Invert  Elevation 

h.  Trashrack 

8.  Spillway 

a.  Lx)cation 

b.  Type 

c.  Crest  Elevation 

d.  Width 

e.  Length 

f.  Capacity 

(reservoir  at  dam  crest) 


933  cfs 

4,540.8  feet 
4.540.0  feet 
Yes 

Left  abutment 
Uncontrolled  ogee 
4,615.85  feet 

100  feet  wide,  tapering  to  30 
feet 

Approximately  500  feet 
15,900  cfs 
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OPERATING  PROCEDURES 

The  association  manages  Nevada  Creek  Dam  to  insure  safe 
operation  of  the  project  and  to  provide  an  adequate  supply  of 
irrigation  water  to  meet  contracts  with  water  users  without 
exceeding  safe  storage  or  flow  levels. 

DAM  OPERATOR  .  ! 

The  responsibility  for  the  daily  operation  of  the  dam  and 
reservoir  rests  with  the  association  and  it's  dam  operator.  The 
dam  operator  is  generally  authorized  to  operate  the  reservoir  to 
meet  the  association's  goals  is  filling  the  reservoir  and  releasing  the 
water  when  called  for  by  the  associations  members.  Specific 
responsibilities  of  the  dam  operator  are  as  follows: 

1.  Operate  the  mechanical  features  of  the  outlet  works.  . 

2.  Coordinate  the  filling  of  the  reservoir  and  the  release  of 
water. 

3.  Notify  SWPB  of  any  unusual  occurrences,  such  as  impending 
floods,  excessive  seepage,  problems  with  the  outlet, 

and  other  usual  situations  that  may  occur. 

4.  Perform  various  maintenance  tasks. 

5.  Monitor  weather  conditions. 

6.  Monitor  seepage 

Typically,  the  out-going  dam  operator,  the  association,  and 
the  SWPB  train  a  new  dam  operator.  The  dam  operator's  training 
focuses  on  the  mechanical  operation  of  the  gates,  measurement  of 
the  storage  level,  measurement  of  the  rate  of  water  release,  daily 
observation  of  unusual  conditions,  and  record  keeping. 
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The  dam  operator  is  normally  available  daily  to  observe  the 
dam  and  perform  operating  functions  during  the  times  of  rapid 
reservoir  fQliag.  During  the  remainder  of  the  fiUiag  and  irrigation 
season,  the  operator  is  at  the  dam  three  to  five  times  per  week.  At 
other  times,  the  operator  visits  the  dam  weekly  or  monthly. 

Communication  among  the  dam  operator,  the  association, 
and  the  SWPB  usually  takes  place  by  telephone.  Although  not 
routinely  available,  radio  communication  may  be  established 
during  emergencies  or  unusual  occurrences  so  the  dam  operator 
can  speak  directly  with  county  authorities  and  communicate 
directly  with  the  SWPB  staff  (see  Nevada  Creek  Dam  Emergency 
Action  Plan). 

METHOD  AND  SCHEDULE  OF  OPERATION 

The  association's  goal  is  to  have  the  reservoir  full  before 
contract  holders  start  putting  in  calls  for  water. 

The  beginning  date  of  irrigation  releases  varies  from  year  to 
year,  with  May  1  the  earliest  that  irrigation  releases  can  begin. 
The  last  irrigation  releases  typically  are  made  by  September  30  as 
specified  in  the  water  purchase  contracts.  All  dates  tend  to  vary 
depending  on  each  year's  actual  climatological  and  hydrological 
conditions.  Water  is  also  released  from  the  dam  to  help  regulate 
instream  flows.  These  releases  depend  on  the  yearly  flow 
conditions  in  Nevada  Creek. 

Maximum  Winter  Storage:  The  maximum  reservoir 
elevation  for  winter  storage  is  4,608.0  feet  with  8,436  acre-feet  of 
storage.  This  winter  maximum  helps  prevent  damage  to  the  riprap 
and  embankment  from  wind-driven  waves  and  ice. 
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Minimum  Winter  Storage:  The  minimum  reservoir  elevation 
for  winter  storage  is  4,577.74  feet  with  1,500  acre-feet  of  storage. 
This  winter  niinimum  helps  prevent  ice  damage  to  the  inlet 
structure  for  the  outlet  works,  minimizes  water  quality  problems, 
and  helps  to  maintain  the  fishery. 

Minimum  Outlet  Discharge:  Fish,  Wildlife  and  Parks 
(FW&P)  recommends  a  minimum  flow  of  12  to  40  cfs  be 
maintained  at  the  dam  outlet  to  help  maintain  the  fishery  in 
Nevada  Creek. 

OUTLET  WORKS 

The  dam's  outlet  works  consists  of  an  eight-foot  diameter 

gate  tower  with  two  54-inch  diameter  valves  (slide  emergency  gate 
upstream  and  a  butterfly- operating  gate  downstream).  The 
controls  are  located  in  a  gate  tower.  The  maximum  capacity  of  the 
outlet  conduit,  with  the  reservoir  at  the  dam's  crest,  is  933  cfs. 
The  outlet  works  are  to  be  used  for  controUing  the  release  of 
irrigation  water  and  not  for  providing  emergency  relief. 

The  maximum  amount  that  the  operating  gate  can  be  opened 
is  27  inches.  The  maximum  opening  for  the  emergency  gate  is  54 
inches.  Openings  in  excess  of  this  amount  may  damage  the  gate, 
gate  frame,  gate  stem  or  the  gate  pedestal.  These  openings  are 
measured  on  the  exposed  portion  of  the  gate  stem  between  the  top 
of  the  pedestal  and  the  bottom  of  the  stop  nut  (or  top  of  the  gate 
stem  if  there  is  no  stop  nut). 

SPILLWAY 

The  spiUway  is  a  concrete-lined  chute  having  a  100-foot  wide 
crest,  with  the  chute  tapering  to  30  feet  at  its  base  with  a  flip 
bucket  for  energy  dissipation. 
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The  maximum  design  capacity  of  the  spillway  with  the 
reservoir  at  the  dam  crest  is  15,900  cfs.  However,  the  spillway 
chute  walls  may  be  overtopped  at  lesser  discharges.  Hydraulic  and 
structural  analysis  conducted  by  the  SWPB  indicate  that  the 
spillway  is  probably  adequate  to  pass  a  flow  of  4,530  cfs,  the  500- 
year  maximum  flood  flow,  but  the  passing  of  higher  flows  is 
questionable.  The  spillway-rating  table  is  shown  in  Appendix  A. 


SAFE  DRAWDOWN 

A  geotechnical  investigation  and  analysis  of  the  Nevada 
Creek  Dam  was  completed  by  HKM  Engineering  Inc.   The  results 
of  the  study  are  in  the  feasibility  study  report,  dated  October  1 , 
2000.  HKM's  investigation  and  analysis  show  the  upstream  face  of 
the  dam  embankment  will  remain  stable  during  a  rapid  drawdown, 
but  that  the  rapid  drawdown  factor  of  safety  is  close  to  the 
rninimum  requirement.  Based  on  HKM's  analysis,  the  SWPB 
recommends  that  drawdown  rates  not  exceed  one  foot  per  day. 


STORAGE  DETERMINATION 

Storage  in  the  reservoir  and  the  elevation  of  the  reservoir 
surface  are  determined  by  taking  a  slope  measurement.  Measure 
in  feet  from  the  0+00  pin  to  the  water  surface.  The  0+00  pin  is 
located  at  the  gravel  access  road  for  boats  on  the  east  side  of  the 
reservoir  approximately  1 50  feet  south  of  the  locked  gate  on  the 
east  end  of  the  dam.  Once  the  slope  measurement  is  determined, 
the  elevation  of  the  reservoir  surface  and  the  storage  can  then  be 
found  using  the  Slope-Elevation-Storage  Table  in  Appendix  A. 
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INFLOW  AND  OUTFLOW  MONITORING 

Current  inflows  into  the  reservoir  can  be  found  under  the 
Upper  Columbia  River  Basin  portion  of  the  flowing  USGS  tntemet 
site:  http://montana.usgs.gov/rt-cgi/gen_tbl_pg 

USGS  gage  12335500,  Nevada  Creek  Above  Reservoir, 
monitors  current  inflows  into  the  reservoir.   The  gage  is  located  on 
the  right  bank  0.7  miles  upstream  from  Nevada  Creek  Reservoir 
and  1 . 1  miles  downstream  from  Gallagher  Creek. 

Current  outflows  from  the  reservoir  can  be  found  using  the 
SWPB  gaging  station.  The  gage  is  located  on  the  right  bank  of 
Nevada  Creek  approximately  0.5  mfles  downstream  of  the  dam. 

WEATHER  MONITORING 

The  dam  operator  monitors  weather  conditions  through  local 
weather  forecasts  and  the  National  Weather  Service. 

If  severe  flooding  is  anticipated,  the  NWS  Missoula  Office 
(800-676-6975  or  406-329-4712)  should  be  contacted  for 
information  about  the  storm,  such  as  the  estimated  storm 
intensity  and  duration,  runoff  duration  (above  base  flow),  and  total 
flood  volume  of  the  storm  in  the  Nevada  Creek  drainage. 

INTERACTION  WITH  OTHER  DAMS 

Except  for  irrigation  diversion  dams,  Mflltown  Dam  at 
Bonner  is  the  next  dam  downstream  fi-om  Nevada  Creek  Dam.  The 
safety  of  the  irrigation  diversion  dams  is  not  affected  by  the  normal 
operation  of  Nevada  Creek  Dam.  There  are  no  large  dams  located 
above  Nevada  Creek  Dam.  Therefore,  interaction  with  other  dams 
is  not  a  concern  during  normal  operations. 
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EMERGENCY 

If  it  appears  that  Nevada  Creek  Dam  is  about  to  breach,  or 
during  emergency  operations,  the  dam  operator  will  initiate  the 
Nevada  Creek  Dam  Emergency  Action  Plan  and  notify  the 
Montana  Power  Company  Systems  Dispatcher  Control  Center 
(406-494-4131  or  406-723-5421)  so  that  they  can  initiate  their 
Emergency  Plan  for  MiUtown  Dam.  The  dam  operator  will  also 
notify  the  SWPB. 
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INSPECTION  AND  MONITORING 


The  SWPB  inspects  the  dam  annually.  Appendix  B  includes 
an  example  of  a  SWPB  inspection  report  form.  In  addition  to 
annual  inspections,  a  SWPB  engineer  will  inspect  the  dam  and 
reservoir  during  and  after  heavy  runoff,  after  severe  rainstorms 
and  windstorms,  during  high  storage  periods,  and  after  an 
earthquake.  The  dam  embankment  and  immediate  surrounding 
area  has  monitoring  wells,  relief  weUs,  and  seepage  flow  measuring 
devices  which  are  measured  on  a  regular  basis. 

STRUCTURAL  FEATURES  INSPECTION 

Structural  features  include  the  gatehouse,  outlet  works,  and 
spiUway  (figureS).  The  SWPB  will  inspect  these  structures 
annually  as  part  of  its  inspection  program.  Items  to  be  checked  or 
noted  include,  but  are  not  limited  to: 

1.  Embankment  u    v    ^  :  • 

a.  Erosion  gullies  in  dam  face  : : 

b.  Daimage  from  burrowing  animals  or  vegetation 

c.  Displacement  or  loss  of  riprap  protection 

d.  Displacement  of  fill,  sinkholes,  or  slumps 

e.  Any  seepage 

2   Outlet  Works 

a.  Any  differential  settlement  or  movement  resulting  in 
cracking  of  the  conduit 

b.  Erosion  of  the  seals  or  concrete  by  cavitation  immediately 
downstream  and  on  the  gates 

c.  Seepage  of  water  into  the  conduit  ' 

d.  Deterioration  of  exposed  concrete  due  to  freeze /thaw 
cycles  or  sulfate  reactions 
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e.  Operation  of  both  gates  through  a  full  cycle 

f.  Jet  pump,  for  unobstructed  operation 

(see  drawing  -  Appendix  G)  r 

g.  Free,  unobstructed  operation  of  the  air  vent 

h.  Corrosion  of  any  metal 

i.  Proper  lubrication  and  cleaning  of  the  pedestals  ' 

3.  Gatehouse  -  Any  damage  or  vandalism 

4.  Spillway  .  ^, 

a.  Deterioration  of  concrete 

b.  Separation  or  movement  of  joints  in  wall  or  floor 

c.  Erosion  of  the  spillway  chute,  backfill  behind  the  walls,  or 
stilling  basin 

d.  Blockage  of  the  approach  or  exit  channel 

RIPRAP  INSPECTION 

The  riprap  along  the  face  of  the  dam  should  be  at  least  30 
inches  thick.  Immediately  after  the  occurrence  of  high  water, 
SWPB  personnel  will  inspect  the  riprap  and  determine  if  additional 
riprap  is  necessary. 

DRAINS 

The  drawings  for  the  dam  show  a  toe  drain  that  begins  in 
each  abutment  and  is  joined  at  the  toe  and  exits  to  the  left  of  the 
outlet  in  a  drain  ditch.  The  top  of  the  12-inch  clay  tUe  pipe  is 
visible  in  the  drain  ditch  when  the  water  in  the  ditch  is  low.  There 
is  always  water  in  the  drain  ditch,  but  no  flow  estimate  can  be 
made  as  the  drain  pipe  is  submerged.  The  water  flowing  from  the 
drain  has  always  been  clear.  The  Dam  Safety  Section 
photographed  the  interior  of  the  drainpipe  in  1999,  and  the  pipe 
was  found  to  be  in  good  condition.  The  drainpipe  was  completely 
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submerged  throughout  its  entire  length  to  the  intersection  with  the 
drainpipes  that  come  down  the  toe  from  both  abutments. 

There  is  a  drain  under  the  spillway  floor  slab  that  exits  in 
the  lower  portion  of  the  spillway  floor.  This  drain  normally  flows 
water,  but  the  flow  has  not  been  measured.  There  are  also  weep 
holes  in  the  spillway  floor  and  along  the  walls  of  the  spillway.  The 
weep  holes  in  the  lower  portion  of  the  spillway  have  been  observed 
to  flow  some  water,  and  two  holes  drilled  in  the  lower  left  side  of 
the  spillway  flow  water.  " 

A  new  drain  was  constructed  along  the  outlet  channel  on  the 
right  abutment  in  1 999  to  help  collect  seepage  flow  through  the 
abutment.  ... 

•■   '  -ji'.         "  ■      ■"^>     -  o  ■■ 

SEEPAGE 

Right  Abutment  and  Outlet:  Seepage  has  been  observed 
flowing  from  the  right  abutment  along  the  outlet  channel.  The 
area  is  normally  wet  with  a  few  areas  where  the  flow  is 
concentrated.  There  has  been  no  observed  sediment  in  the 
seepage  water. 

Seepage  has  been  observed  flowing  over  the  outlet  walls  from 
the  right  abutment.  When  the  reservoir  elevation  is  below  about 
elevation  4,600  feet,  the  seepage  quits  flowing  over  the  walls. 
Seepage  water  flows  from  the  weep  pipes  in  the  outlet  sidewalls 
and  from  the  weep  pipes  and  cracks  in  the  masonry-training  wall 
on  the  right  side  of  the  outlet  channel.  In  1999,  the  USER 
installed  a  small  trapezoidal  flume  in  the  seepage  area  near  the 
outlet  in  the  right  abutment. 

Toe  of  the  Dam:  Seepage  has  been  observed  along  the 

drain  ditch  at  the  toe  of  the  dam.  The  toe  drain  discharges  in  to 
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the  drain  ditch.  Water  can  be  observed  to  be  flowing  from  the  pipe, 
but  no  flow  estimate  has  been  made.  There  has  been  no  observed 
sediment  in  the  seepage  water. 

Left  Abutment:  Seepage  has  been  observed  flowing  from 
the  left  abutment  both  above  the  road  and  flowing  into  the  drain 
ditch.  A  "V"  notch  weir  was  installed  in  1 996  in  one  of  the  areas 
where  there  is  a  concentrated  seepage  flow. 

In  1999,  the  USER  installed  a  2  inch  trapezoidal  flume  in  the 
seepage  area  in  the  left  abutment.  Also,  as  part  of  this  work,  a 
contractor  was  hired  who  removed  much  of  the  brush  and  wfllows 
from  the  left  abutment  area.  The  contractor  attempted  to  remove 
some  of  the  material  in  the  drain  ditch  so  that  the  water  would 
flow  downstream  away  from  the  dam  without  ponding  at  the  toe  of 
the  dam  in  the  drain  ditch.  Due  to  the  flat  slope  of  the  drain  ditch, 
not  much  improvement  was  made  in  the  removal  of  the  ponded 
water  in  the  ditch. 

There  is  a  second  drain  ditch  between  the  toe  of  the  left 
abutment  and  the  access  road  to  the  toe  of  the  spillway.  This 
drain  ditch  carries  seepage  water  towards  the  spillway  stilling 
basin.  In  1996,  a  "V"  notch  weir  was  installed  in  the  ditch. 
Normally  there  is  water  flowing  in  the  ditch.  There  has  been  no 
observed  sediment  in  the  seepage  water. 


MONITORING  WELLS 

Eleven  shallow  hand-driven  "Beck"  type  piezometers  were 
installed  along  the  toe  of  the  dam  and  around  the  outlet  structure 
in  1996,  1997  and  1998.  Currently  nine  of  these  piezometers 
remain. 
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In  the  fall  of  1999,  eleven  monitoring  wells  were  drilled  at  the 
dam.  Three  are  located  along  the  crest  of  the  dam,  one  on  the 
downstream  face  of  the  dam,  six  in  the  abutments  and 
downstream  of  the  dam,  and  one  west  of  the  spillway  (see  Figure 
4).  Generally,  two  standpipes  were  installed  in  each  monitoring 
well.  Soil  profiles  of  the  drill  holes  and  details  as  to  how  the  weUs 
were  constructed  are  shown  in  Appendix  D. 

In  the  fall  of  2000,  three  relief  wells  were  drilled  at  the  dam. 
In  August  2001,  five  additional  relief  wells  were  drilled.  The  wells 
are  located  along  the  downstream  toe  of  the  dam  from  near  the 
outlet  to  the  left  abutment  (see  Figure  4).  SoU  profiles  of  the  drill 
holes  and  details  as  to  how  the  wells  were  constructed  are  shown 
in  Appendix  E. 

SEEPAGE  MONITORING 

The  monitoring  weUs,  relief  wells,  weirs,  flumes  and  drains 
are  observed  and  monitored  by  the  dam  operator,  Helena  Regional 
Office,  and  SWPB  during  regular  visits;  and  may  be  measured  by 
the  SWPB  during  annual  inspections.  The  instruments  are 
generally  measured  twice  per  month  from  May  1  to  August  3 1 ,  and 
once  per  month  in  March,  April,  September,  and  October. 
Measurements  may  be  taken  during  the  winter  months  (November, 
December,  January,  February)  depending  on  weather  conditions. 

Discharge  tables  for  the  V-notch  weirs,  0-inch  throat  flume, 
and  2 -inch  throat  flume  are  in  Appendix  A. 
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MAINTENANCE 

The  association  is  responsible  for  routine  maintenance  of  the 
project.  In  addition,  the  SWPB  may  identify  items  that  need 
maintenance  or  repair  during  the  annual  inspection. 

ROUTINE  MAINTENANCE 

To  protect  the  dams  and  keep  them  in  good  working  order, 
the  dam  operator  during  regular  visits  to  the  dam  will  watch  for 
and  identify  any  potential  maintenance  requirements.  As  soon  as 
a  need  is  identified,  the  dam  operator  needs  to  schedule  and 
perform  the  routine  maintenance. 

Items  that  may  occasionally  need  attention  include,  but  are 
not  limited  to: 

1 .  iMbrication  and  cleaning  of  the  gate-operating  mechanisms. 

2.  Debris  or  silt  restricting  the  spiUway  inlet  or  the  outlet  works. 
Accumulated  debris  that  could  affect  the  operation  of  these 
appurtenances  will  be  removed  at  once,  with  all  debris 
removed  at  least  annually  before  the  runoff  season. 

3.  Erosion  gullies  on  embankment.  Development  of  erosion 
gullies  will  be  checked  immediately.  Gullies  will  be  filled, 
compacted,  and  seeded.  Particular  attention  will  be  paid  to 
the  abutment  contact  areas  and  the  downstream  face  were 
four  wheeler  tracks  may  become  a  problem. 

4.  Rodent  damage.  The  rodents  will  be  removed  or  destroyed, 
and  any  burrow  holes  should  be  filled  immediately. 

5.  Upstream  slope  riprap.  The  upstream  face  riprap  normally 
will  be  observed  annually,  but  may  occasionally  need  repairs 
because  of  high  water  or  wave  action. 

6.  Vegetative  cover  on  downstream  slopes.  Good  vegetative 
cover  will  be  maintained,  but  large  brush  and  any  trees  will 
be  removed. 
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7.  Noxious  weeds.  Noxious  weeds  on  and  around  t±ie  dam 
embankment  and  around  the  reservoir  shall  be  sprayed  at 
least  on  an  annual  basis. 

8.  Cleaning  spillway  and  outlet  wall  tops.  Spillway  and  outlet 
wall  tops  should  be  clear  of  any  dirt,  rocks,  grass,  brush, 
and  any  overhanging  vegetation  or  trees. 

9.  Repair  of  the  spillway  joints  and  sealing  of  cracks  in  the 
spiRway. 

10.  Weirs  and  Flumes.  These  devices  will  be  maintained  clean  of 
sediment  and  algae,  kept  upright,  free  flowing  and  free  of 
debris. 

"     .    ..:,'(, -x'    r,  '     .M  V' '^^M-w 

ANNUAL  MAINTENANCE 

The  SWPB  conducts  annual  inspections  of  the  Nevada  Dam 

and  Reservoir.  During  these  inspections,  any  items  requiring 
annual  maintenance  will  be  identified  and  recorded.  Items  that 
may  need  annual  maintenance  include  the  spillway,  outlet  works, 
gates,  riprap,  roads  and  gatehouse.  Other  routine  items  needing 
immediate  attention,  such  as  the  need  to  remove  trees  or  brush, 
will  also  be  noted. 

After  the  inspection,  the  SWPB  sends  the  association  a  Dam 
Safety  Inspection  Report  and  a  Maintenance  Schedule  Report.  The 
reports  identify  items  that  need  maintenance  and  provide  a 
schedule  of  when  the  maintenance  tasks  need  to  be  completed. 
The  association  is  responsible  for  performing  the  maintenance 
items  within  the  times  specified. 

The  dam  operator  or  association  members  may  perform  the 
maintenance  tasks.  However,  major  repairs  will  likely  to  be 
handled  by  a  contractor.  The  SWPB  may  assist  in  contracting  for 
repairs  and  may  supervise  the  repair  work. 
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RECORD  KEEPING 

The  SWPB  will  maintain  records,  including  photographs,  of 
all  inspections  and  maintenance  requirements.  These  records  will 
also  include  monitoring  measurements  and  storage  volumes. 
Anyone  who  wants  to  review  these  records  may  do  so  in  the 
SWPB's  office  at  the  Department  of  Natural  Resources  and 
Conservation  in  Helena. 

The  dam  operator  will  keep  records  of  the  reservoir  elevation, 
seepage  observation  or  measurements,  and  any  unusual 
conditions.  These  records  may  be  reviewed  at  the  dam  operator's 
house. 
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TABLE  1.  SLOPE-  ELEVATION-STORAGE  TABLE 
NEVADA  CREEK  RESERVOIR 


Pins  installed  August  29,  2000. 

Elevations  established  with  a  level  on  September  26,  2000. 
Storage  volume  values  from  HKM  chart  new  in  2000. 
New  0+00  is  5  feet  upslope  from  the  old  0+00. 
The  alignment  is  slightly  right  of  the  old  slope. 


The  1500  AF  minimum  pool  elevation  of  4577.75  feet  is  at  slope  distance  211.5  feet. 


DISTANCE 

ELEVATION 

STORAGE 

DISTANC/C 

cLcVATION 

STORAGE 

0+00  CAP 

4621.07 

13,155 

36 

4614.36 

10,613 

1 

4620.78 

13,039 

37 

4614.26 

10,577 

2 

4620.48 

12,919 

38 

4614.15 

10,537 

3 

4620.19 

12,804 

39 

4614.05 

10,502 

4 

4619.89 

12,686 

40 

4613.94 

1 0,462 

5 

4619.60 

12,573 

41 

4613.83 

1 0,424 

6 

4619.30 

12,456 

42 

4613.72 

1 0,384 

7 

4619.01 

12,343 

43 

4613.62 

10,349 

8 

4618.71 

12,227 

44 

4613.51 

10,310 

9 

4618.42 

12,104 

45 

4613.40 

10,271 

10 

4618.12 

12,000 

46 

4613.29 

10,232 

11 

4617.90 

11,917 

47 

4613.18 

10,193 

12 

4617.67 

1 1 ,830 

48 

4613.08 

10,158 

13 

4617.45 

1 1 ,747 

49 

4612.97 

10,120 

14 

4617.23 

1 1 ,664 

50 

4612.86 

10,081 

15 

4617.17 

1 1 ,642 

0+50  CAP 

4612.83 

10,070 

16 

4617.10 

11,615 

51 

4612.77 

10,050 

17 

4617.04 

1 1 ,593 

52 

4612.69 

10,022 

18 

4616.97 

1 1 ,567 

53 

4612.60 

9,990 

19 

4616.91 

1 1 ,545 

54 

4612.52 

9,962 

20 

4616.85 

1 1 ,522 

55 

4612.43 

9,930 

*fD  1  O.  /  O 

1  1  ,**oO 

oo 

y,oyy 

22 

4616.72 

11,473 

57 

4612.26 

9,871 

23 

4616.65 

11,448 

58 

4612.17 

9,840 

24 

4616.59 

1 1 ,425 

59 

4612.09 

9,812 

25 

4616.36 

1 1 ,340 

60 

4612.00 

9,781 

26 

4616.14 

1 1 ,259 

61 

461 1 .88 

9,740 

SPILLWAY 

4616.00 

1 1 ,207 

62 

4611.76 

9,698 

27 

4615.91 

11,174 

63 

4611.64 

9,657 

28 

4615.69 

1 1 ,093 

64 

4611.52 

9,616 

29 

4615.46 

11,010 

65 

461 1 .40 

9,574 

30 

4615.23 

10,926 

66 

461 1 .27 

9,530 

31 

4615.01 

10,847 

67 

4611.15 

9,488 

32 

4614.78 

10,763 

68 

461 1 .03 

9,440 

33 

4614.68 

10,727 

69 

4610.91 

9,406 

34 

4614.57 

10,688 

70 

4610.79 

9,366 

35 

4614.47 

10,652 

71 

4610.61 

9,304 

DISTANCE 

ELEVATION 

STORAGE 

DISTANCE 

ELEVATION 

STORAGE 
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TABLE  1.  SLOPE-  ELEVATION-STORAGE  TABLE  (continued) 

NEVADA  CREEK  RESERVOIR 
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112 

4604.04 
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157 
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4594.09 
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ELEVATION 
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TABLE  1.  SLOPE-  ELEVATION-STORAGE  TABLE  (continued) 

NEVADA  CREEK  RESERVOIR 


DISTANCE 

ELEVATION 

STORAGE 

DISTANCE 

ELEVATION 

STORAGE 

162 

4592.64 

4,119 

206 

4579.42 

1,726 

163 

4592.30 

4,043 

207 

4579.04 

1,673 

164 

4591.96 

3,967 

208 

4578.65 

1,620 

165 

4591.62 

3,893 
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4578.27 

1,569 
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4591 .28 

3,820 
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1,517 
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4590.94 
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170 
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3,395 

173 

4588.88 

3,325 

174 

4588.54 

3,259 

175 

4588.19 

3,190 

176 

4587.84 

3,123 

177 

4587.50 

3,058 

178 

4587.15 

2,992 

179 

4586.81 

2,929 

180 

4586.46 

2,865 

181 

4586.33 

2,841 

182 

4586.21 

2,819 

183 

4586.08 

2,795 

184 

4585.96 

2,774 

185 

4585.83 

2,750 

186 

4585.70 

2,727 

187 

4585.58 

2,706 

188 

4585.45 

2,683 

189 

4585.33 

2,662 

1+90  CAP 

4585.01 

2,606 

190 

4588.84 

2,571 

191 

4584.78 

2,566 

192 

4584.54 

2,525 

193 

4584.31 

2,486 

194 

4584.07 

2,445 

195 

4583.68 

2,380 

196 

4583.30 

2,317 

197 

4582.91 

2,253 

198 

4582.53 

2,192 

199 

4582.14 

2,130 

04.nn  PAP 

ylt^Q1  7/1 

'tDo  1 .  /  4 

200 

4581 .65 

2,054 

201 

4581.35 

2,008 

202 

4580.97 

1,952 

203 

4580.58 

1,893 

204 

4580.20 

1,837 

205 

4579.81 

1,780 

DISTANCE 

ELEVATION 

STORAGE 

DISTANCE 

ELEVATION 

STORAGE 

2001 
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TABLE  2.  TOTAL  STORAGE  CAPACITY  IN  ACRE-FEET 

NEVADA  CREEK  RESERVOIR 


Elevation  0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

4551 

0.00 

0.00 

0.00 

0.01 

0.02 

4552 

0.04 

0.07 

0.11 

0.16 

0.23 

0.32 

0.43 

0.55 

0.70 

0.88 

4553 

1.1 

1.3 

1.6 

1.9 

2.2 

2.6 

3.0 

3.4 

3.9 

4.4 

4554 

5.0 

5.6 

6.3 

7.0 

7.8 

8.6 

10 

10 

11 

13 

4555 

14 

15 

16 

17 

19 

20 

21 

23 

24 

26 

4556 

27 

29 

30 

32 

33 

35 

37 

39 

40 

42 

4557 

44 

46 

48 

50 

52 

54 

56 

58 

60 

63 

4558 

65 

67 

70 

72 

74 

77 

80 

82 

85 

87 

4559 

90 

93 

96 

99 

102 

105 

108 

111 

114 

117 

4560 

120 

124 

127 

130 

134 

137 

141 

144 

148 

151 

4561 

155 

159 

162 

166 

170 

174 

178 

182 

186 

190 

4562 

194 

198 

203 

207 

211 

215 

220 

224 

229 

233 

4563 

238 

243 

247 

252 

257 

262 

267 

272 

277 

282 

4564 

287 

292 

297 

303 

308 

313 

319 

324 

330 

335 

4565 

341 

347 

352 

358 

364 

370 

376 

382 

388 

394 

4566 

400 

406 

413 

419 

425 

432 

438 

445 

451 

458 

4567 

464 

471 

478 

485 

491 

498 

505 

512 

519 

527 

4568 

534 

541 

548 

556 

563 

570 

578 

586 

593 

601 

4569 

609 

616 

624 

632 

640 

648 

656 

664 

672 

681 

4570 

689 

697 

706 

714 

723 

731 

740 

748 

757 

766 

4571 

775 

784 

792 

801 

810 

820 

829 

838 

847 

856 

4572 

866 

875 

885 

894 

904 

913 

923 

933 

943 

952 

4573 

962 

972 

982 

992 

1,002 

1,013 

1,023 

1,033 

1,043 

1,054 

4574 

1,064 

1,075 

1,085 

1,096 

1,107 

1,117 

1,128 

1,139 

1,150 

1,161 

4575 

1,172 

1,183 

1,194 

1,206 

1,217 

1,228 

1,240 

1,251 

1,263 

1,274 

4576 

1,286 

1,298 

1,310 

1,321 

1,333 

1,345 

1,357 

1,370 

1,382 

1,394 

4577 

1,406 

1,419 

1,431 

1,444 

1,456 

1,469 

1,482 

1,495 

1,507 

1,520 

4578 

1,533 

1,546 

1,560 

1,573 

1,586 

1,599 

1,613 

1,626 

1,640 

1,654 

4579 

1,667 

1,681 

1,695 

1,709 

1,723 

1,737 

1,751 

1,765 

1,779 

1,794 

4580 

1,808 

1,823 

1,837 

1,852 

1,867 

1,881 

1,896 

1,911 

1,926 

1.941 

4581 

1,956 

1,971 

1,986 

2,001 

2,016 

2,031 

2,047 

2,062 

2,078 

2,093 

4582 

2,109 

2.124 

2,140 

2,156 

2,172 

2,188 

2,203 

2,219 

2,236 

2,252 

4583 

2,268 

2,284 

2,300 

2,317 

2,333 

2,350 

2,366 

2,383 

2,399 

2,416 

4584 

2,433 

2,450 

2,467 

2,484 

2,501 

2,518 

2,535 

2,552 

2,569 

2,587 

4585 

2,604 

2,621 

2,639 

2,657 

2,674 

2,692 

2,710 

2,727 

2,745 

2,763 

4586 

2,781 

2,799 

2,817 

2,836 

2,854 

2,872 

2,890 

2,909 

2,927 

2,946 

4587 

2,964 

2,983 

3,002 

3,021 

3,039 

3,058 

3,077 

3,096 

3,115 

3,134 

4588 

3,154 

3,173 

3,192 

3,212 

3,231 

3,251 

3,270 

3,290 

3,310 

3,329 

4589 

3,349 

3,369 

3,389 

3.409 

3.429 

3,449 

3.469 

3,490 

3,510 

3,530 

4590 

3,551 

3,571 

3,592 

3,613 

3,633 

3.654 

3.675 

3,696 

3,717 

3,738 

4591 

3,760 

3,781 

3.802 

3,824 

3,845 

3,867 

3,889 

3,911 

3,932 

3,954 

4592 

3,976 

3,999 

4,021 

4,043 

4,065 

4,088 

4,110 

4,133 

4,156 

4,179 

4593 

4,201 

4,224 

4,247 

4,271 

4,294 

4,317 

4,340 

4,364 

4,387 

4,411 

4594 

4,435 

4,458 

4,482 

4,506 

4,530 

4,554 

4,579 

4,603 

4,627 

4,652 

4595 

4,676 

4,701 

4,726 

4,750 

4,775 

4,800 

4,825 

4,850 

4,875 

4,901 
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TABLE  2.  TOTAL  STORAGE  CAPACITY  IN  ACRE-FEET  (continued) 

NEVADA  CREEK  RESERVOIR 


Elevation  0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

4596 

4,926 

4,951 

4,977 

5,002 

5,028 

5,053 

5,079 

5,105 

5,131 

5,157 

4597 

5,183 

5,209 

5,235 

5,261 

5,287 

5,314 

5,340 

5,367 

5,393 

5,420 

4598 

5,447 

5,473 

5,500 

5,527 

5,554 

5,581 

5,609 

5,636 

5,663 

5,691 

4599 

5,718 

5,746 

5,773 

5,801 

5,829 

5,857 

5,884 

5,912 

5,941 

5,969 

4600 

5,997 

6,025 

6,054 

6,082 

6,110 

6,139 

6,168 

6,196 

6,225 

6,254 

4601 

6,282 

6,311 

6,340 

6,369 

6,398 

6,427 

6,456 

6,486 

6,515 

6,544 

4602 

6,573 

6,603 

6,632 

6.662 

6,691 

6,721 

6,751 

6,780 

6,810 

6,840 

4603 

6,870 

6,900 

6,930 

6,960 

6,990 

7,021 

7,051 

7,081 

7,111 

7,142 

4604 

7,172 

7,203 

7,234 

7,264 

7,295 

7,326 

7,357 

7,387 

7,418 

7,449 

4605 

7,480 

7,512 

7,543 

7,574 

7,605 

7,637 

7,668 

7,699 

7,731 

7,762 

4606 

7,794 

7,825 

7,857 

7,889 

7,921 

7,952 

7,984 

8,016 

8,048 

8,080 

4607 

8,112 

8,144 

8,177 

8,209 

8,241 

8,274 

8,306 

8,338 

8,371 

8,403 

4608 

8,436 

8,469 

8,501 

8,534 

8,567 

8,600 

8,633 

8,665 

8,698 

8,732 

4609 

8,765 

8,798 

8,831 

8,864 

8,898 

8,931 

8,964 

8,998 

9,031 

9,065 

4610 

9,098 

9,132 

9,166 

9,200 

9,233 

9,267 

9,301 

9,335 

9,369 

9,403 

4611 

9,437 

9,471 

9,506 

9,540 

9,574 

9,609 

9,643 

9,677 

9,712 

9,747 

4612 

9,781 

9,816 

9,851 

9,885 

9,920 

9,955 

9,990 

10,025 

10,060 

10,095 

4613 

10,130 

10,165 

10,200 

10,236 

10,271 

10,306 

10,342 

10,377 

10,413 

10,448 

4614 

10,484 

10,519 

10,555 

10,591 

10,627 

10,663 

10,698 

10,734 

10,770 

10,806 

4615 

10,843 

10,879 

10,915 

10.951 

10,988 

11,024 

11.061 

1 1 ,097 

11,134 

11,170 

4616 

1 1 ,207 

1 1 ,244 

11,281 

11,318 

11,355 

11,392 

1 1 .429 

1 1 ,466 

11,503 

11,541 

4617 

1 1 ,578 

11,615 

11,653 

11,691 

1 1 ,728 

11,766 

1 1 ,804 

11,841 

1 1 ,879 

11,917 

4618 

1 1 ,955 

1 1 ,993 

12,032 

12,070 

12,108 

12,146 

12,185 

12,223 

12,262 

12,300 

4619 

12,339 

12,378 

12,417 

12.456 

12,494 

12,533 

12,573 

12,612 

12,651 

12,690 

4620 

12,729 

12,769 

12,808 

12,848 

12,888 

12,927 

12,967 

13,007 

13,047 

13,087 

4621 

13,127 

13,167 

13,207 

13,248 

13,288 

13.329 

13.369 

13,410 

13,451 

13,492 

4622 

13,533 

13,574 

13,615 

13,656 

13,697 

13,738 

13,780 

13,821 

13,863 

13,904 

4623 

13,946 

13,988 

14,030 

14,072 

14,114 

14,156 

14,198 

14,240 

14,283 

14,325 

4624 

14,368 

14,410 

14,453 

14,496 

14.539 

14,582 

14,625 

14,668 

14,711 

14,754 

4625 

14.798 

14,841 

14,885 

14,928 

14,972 

15,016 

15,059 

15,103 

15,147 

15,191 

4626 

15,235 

15,279 

15,323 

15,367 

15,412 

15,456 

15,500 

15,545 

15,589 

15,634 

4627 

15,679 

15,723 

15,768 

15,813 

15,858 

15,903 

15,948 

15,993 

16,038 

16,084 

4628 

16,129 

16,174 

16,220 

16,265 

16,311 

16,357 

16,402 

16,448 

16,494 

16,540 

4629 

16,586 

16,632 

16,678 

16,724 

16,770 

16,817 

16,863 

16,910 

16,956 

17,003 

4630 

17,049 

17,096 

17,143 

17,190 

17,237 

17,284 

17,331 

17,378 

17,425 

17,472 

4631 

17,520 

17,567 

17,615 

17,662 

17,710 

17,758 

17,805 

17,853 

17,901 

17,949 

4632 

17,997 

18,046 

18,094 

18,142 

18,191 

18,239 

18,288 

18,336 

18,385 

18,434 

4633 

18,483 

18,531 

18,580 

18,629 

18,679 

18,728 

18,777 

18,826 

18,876 

18,925 

4634 

18,975 

19,025 

19,074 

19,124 

19,174 

19,224 

19,274 

19,324 

19,374 

19,425 

4635 

19,475 

This  table  reflects  new  values  based  upon  surveys  conducted  in  1999  by  HKM  Associates 


Spillway  crest  Elevation  4,61 5.85  feet  Storage  11 ,1 52  acre-feet 
Dam  Crest  Elevation  4,627.5  feet       Storage  15,903  acre-feet 

Minimum  Pool        Elevation  4,577.74  feet      Storage  1 ,500  acre-feet 
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TABLE  3,  SPILLWAY  DISCHARGE 
NEVADA  CREEK  DAM 


Depth  Over 

Crest 

Elevation 

Discharge 

(feet) 

(feet) 

(cfs) 

0 

4,616.0 

0 

1 

4,617.0 

320 

2 

4,618.0 

900 

3 

4,619.0 

1,600 

4 

4,620.0 

2,600 

5 

4,621.0 

3,750 

6 

4,622.0 

5,000 

7 

4,623.0 

6,400 

8 

4,624.0 

8,000 

9 

4,625.0 

9,700 

10 

4,626.0 

1 1 ,600 

11 

4,627.0 

13,500 

11.5 

4,627.5 

14,400 

NEVADA  CREEK  DAM  SPILLWAY  RATING  CURVE 


Discharge  (cfs) 


Note:  Data  from  the  Corps  of  Engineers  Phase  1  Inspection  Report  (1981). 
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TABLE  4.  V-NOTCH  WEIR  RATING  TABLE 


HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

(IN) 

(GPM) 

(CFS) 

(IN) 

(GPM) 

(CFS) 

4.1 

77.8 

0.173 

4.2 

82.6 

0.184 

4.3 

87.5 

0.195 

4.4 

92.6 

0.206 

0.5 

0.4 

0.001 

4.5 

98.0 

0.218 

0.6 

0.7 

0.001 

4.6 

103.4 

0.230 

0.7 

1.0 

0.002 

4.7 

109.1 

0.243 

0.8 

1.4 

0.003 

4.8 

115.0 

0.256 

0.9 

1.8 

0.004 

4.9 

121.0 

0.270 

1.0 

2.4 

0.005 

5.0 

127.2 

0.283 

1.1 

3.0 

0.007 

5.1 

133.6 

0.298 

1.2 

3.7 

0.008 

5.2 

140.2 

0.312 

1.3 

4.5 

0.010 

5.3 

147.0 

0.328 

1.4 

5.4 

0.012 

5.4 

154.0 

0.343 

1.5 

6.4 

0.014 

5.5 

161.2 

0.359 

1.6 

7.5 

0.017 

5.6 

168.5 

0.375 

1.7 

8.8 

0.020 

5.7 

176.1 

0.392 

1.8 

10.1 

0.022 

5.8 

183.8 

0.410 

1.9 

11.5 

0.026 

5.9 

191.8 

0.427 

2.0 

13.1 

0.029 

6.0 

199.9 

0.445 

2.1 

14.8 

0.033 

6.1 

208.3 

0.464 

2.2 

16.6 

0.037 

6.2 

216.9 

0.483 

2.3 

18.5 

0.041 

6.3 

225.6 

0.503 

2.4 

20.6 

0.046 

6.4 

234.6 

0.523 

2.5 

22.8 

0.051 

6.5 

243.8 

0.543 

2.6 

25.1 

0.056 

6.6 

253.2 

0.564 

2.7 

27.6 

0.061 

6.7 

262.9 

0.586 

2.8 

30.2 

0.067 

6.8 

272.7 

0.608 

2.9 

32.9 

0.073 

6.9 

282.8 

0.630 

3.0 

35.8 

0.080 

7.0 

293.0 

0.653 

3.1 

38.9 

0.087 

7.1 

303.5 

0.676 

3.2 

42.1 

0.094 

7.2 

314.2 

0.700 

3.3 

45.4 

0.101 

7.3 

325.2 

0.725 

3.4 

48.9 

0.109 

7.4 

336.3 

0.749 

3.5 

52.5 

0.117 

7.5 

347.7 

0.775 

3.6 

56.3 

0.126 

7.6 

359.3 

0.801 

3.7 

60.3 

0.134 

7.7 

371.2 

0.827 

3.8 

64.4 

0.144 

7.8 

383.2 

0.854 

3.9 

68.7 

0.153 

7.9 

395.5 

0.881 

4.0 

73.1 

0.163 

8.0 

408.1 

0.909 

2001 
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Q  =  (2.49(H/12)  ^^(448.83) 
Q  in  gpm 
H  in  inches 


TABLE  5.  TRAPEZOIDAL  FLUME  RATING  TABLE 

0  INCH  THROAT 


1  1  ^  A 

HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

(FT) 

(CaPM) 

(FT) 

(GPM) 

0.31 

33.9 

0.32 

36.8 

0.03 

0.1 

0.33 

39.8 

0.04 

0.2 

0.34 

43 

0.05 

0.3 

0.35 

46.4 

0.06 

0.5 

0.36 

49.9 

0.07 

0.7 

0.37 

53.5 

0.08 

1.0 

0.38 

57.3 

0.09 

1.4 

0.39 

61.3 

0.10 

1.8 

0.40 

65.4 

0.11 

2.3 

0.41 

69.7 

0.12 

2.9 

0.42 

74.2 

0.13 

3.8 

0.43 

78.8 

0.14 

4.4 

0.44 

83.7 

0.15 

5.2 

0.45 

88.7 

0.16 

6.2 

0.46 

93.8 

0.17 

7.2 

0.47 

99.2 

0.18 

8.3 

0.48 

104.7 

0.19 

9.6 

0.49 

110.4 

0.20 

10.9 

0.50 

116.4 

0.21 

12.4 

0.22 

14.0 

0.23 

15.7 

0.24 

17.5 

0.25 

19.5 

0.26 

21.5 

0.27 

23.7 

0.28 

26.1 

0.29 

28.5 

0.30 

31.1 

Q  =  731.3  (H) 
Q  in  gpm 
H  in  feet 
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TABLE  6.  TRAPEZOIDAL  FLUME  RATING  TABLE 

2  INCH  THROAT 


HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

(FT) 

(GPM) 

(FT) 

(GPM) 

0.01 

0.7 

0.46 

171.7 

0.02 

1.1 

0.47 

179.7 

0.03 

1.7 

0.48 

187.8 

0.04 

2.4 

0.49 

196.1 

0.05 

3.3 

0.50 

204.7 

0.06 

4.3 

0.51 

213.4 

0.07 

5.5 

0.52 

222.4 

0.08 

6.7 

0.53 

231.6 

0.09 

8.1 

0.54 

241.0 

0.10 

9.7 

0.55 

250.6 

0.11 

11.4 

0.56 

260.4 

0.12 

13.2 

0.57 

270.5 

0.13 

15.1 

0.58 

280.8 

0.14 

17.2 

0.59 

291.3 

0.15 

19.5 

0.60 

302.1 

0.16 

21.9 

0.61 

313.0 

0.17 

24.4 

0.62 

324.2 

0.18 

27.1 

0.63 

335.7 

0.19 

30.0 

0.64 

347.3 

0.20 

33.0 

0.65 

359.2 

0.21 

36.1 

0.66 

371.4 

0.22 

39.4 

0.67 

383.7 

0.23 

42.9 

0.68 

396.4 

0.24 

46.5 

0.69 

409.2 

0.25 

50.3 

0.70 

422.3 

0.26 

54.3 

0.71 

435.7 

0.27 

58.5 

0.72 

449.2 

0.28 

62.8 

0.73 

463.1 

0.29 

67.3 

0.74 

477.2 

0.30 

71.9 

0.75 

491.5 

0.31 

76.7 

0.76 

506.1 

0.32 

81.8 

0.77 

520.9 

0.33 

86.9 

0.78 

536.0 

0.34 

92.3 

0.79 

551.3 

0.35 

97.9 

0.80 

566.9 

0.36 

103.6 

0.81 

582.8 

0.37 

109.6 

0.82 

598.9 

0.38 

115.7 

0.83 

615.3 

0.39 

122.0 

0.84 

631.9 

0.40 

128.5 

0.85 

648.8 

0.41 

135.2 

0.86 

666.0 

0.42 

142.1 

0.87 

683.4 

0.43 

149.2 

0.88 

701.1 

0.44 

156.5 

0.89 

719.1 

0.45 

164.0 

0.90 

737.3 

Q  =731 .6  (H)^^+220.8(H/1 2)^^+0.45  Q  in  gpm      H  in  feet 


AlO 


APPENDIX  B 
INSPECTION  REPORT  FORM 


Bl 


2001 


DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATION 
DAM  SAFETY  INSPECTION  REPORT 

NAME  OF  DAM  


DATE  INSPECTED 


INVENTORY  NO.   OWNER  

HAZARD  CATEGORY   OPERATOR 

TYPE  OF  DAM   STREAM 


YEAR  BUILT   DRAINAGE  AREA 

Reservoir  Storage  Status 


Water  Surface  Elevation  Storage 
(feet)  (acre-feet) 


At  time  of  inspection 

At  spillway  crest 

At  min.  dam  crest  elevation 


ITEM 

YES 

NO 

REMARKS 

1.  EMBANKMENT 

A.  Crest  --  Height=     Length=   Wicith= 


(1 )  Any  visual  settlements? 

(2)  Any  misalignments? 

(3)  Any  cracking? 

(4)  Any  traffic  damage? 

(5)  Other? 

B2 
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ITEM 

YES 

NO 

REMARKS 

1.  EMBANKMENT  (continued) 
B.  Upstream  Face  -  Slope= 

(1)  Any  erosion? 

(2)  Any  longitudinal  cracks? 

 ______  ^ — ____________  

(3)  Any  transverse  cracks? 

(4)  Is  riprap  protection  adequate? 

(5)  Any  stone  deterioration? 

(6)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(7)  Adequate  grass  cover? 

(8)  Debris  on  the  dam  face? 

(9)  Other? 

C.  Downstream  Face--Slope= 


(1)  Any  erosion? 

(2)  Any  longitudinal  cracks? 

(3)  Any  transverse  cracks? 

(4)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(5)  Is  the  toe  drain  dry? 

(6)  Are  the  relief  wells  flowing? 

(7)  Any  boils  at  the  toe? 

(8)  Any  seepage  areas? 

(9)  Any  traffic  or  animal  damage? 

(10)  Any  burrowing  animals? 

(11)  Adequate  grass  cover? 

(12)  Other? 

D.  Amount  and  Type  of  Vegetation  on  the  Dam 
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ITEM 

YES 

NO 

REMARKS 

,  

2.  ABUTMENT  CONTACTS 


A)  Any  erosion? 

B)  Any  visual  differential  movement? 

0)  Any  cracks? 

D)  Any  seepage  present? 

E)  Other'? 

3.  OUTLET  WORKS 

A.  Intake  Structure  --  Si2e= 


(1)  Any  settlement? 

(2)  Any  tilting'? 

(3)  Do  concrete  surfaces  show:     '             "  " 

a.  Spalling? 

b.  Cracking? 

c.  Erosion'? 

d.  Exposed  reinforcement? 

(4)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(5)  Metal  appurtenances: 

a.  Any  corrosion  present? 

b.  Any  breakage  present? 

(6)  Trash  rack? 

a.  Condition? 

b.  Anchor  system  secure? 

• 

(7)  Other? 
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YES 

NO 

REMARKS 

ITEM 

3.  OUTLET  WORKS  (continued) 


(1)  Do  concrete  surfaces  show: 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(2)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  ioint  material? 

c.  Leakage? 

(3)  Is  the  conduit  metal? 

a.  Any  corrosion  present? 

b.  Protective  coatings  adequate? 

(4)  Is  the  conduit  misaligned? 

(5)  Any  calcium  deposits? 

(6)  Other? 

C.  Gates  and  Tower 


(1)  Gates: 

a.  Size:  Operating: 

b.  Type:  Operating: 

Emergency: 
Emergency: 

(2)  Controls  operational? 

(3)  Controls  lubricated? 

(4)  Operational  problems? 

(5)  Leakage  around  gates? 

(6)  Condition  of  gate  seals? 

(7)  Any  cavitation  damage? 
If  so,  describe? 

(8)  Describe  air  vent-size  and  condition. 
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ITEM 

YES 

NO 

REMARKS 

3.  OUTLET  WORKS  (continued) 
C.  Gates  and  Tower  (continued) 

(9)  Is  there  a  jet  pump? 

a.  Is  it  operational? 

b.  Leakage? 

(10)  Is  the  tower  dry?  wet? 

(1 1 )  Any  seepage  in  the  tower? 

(1 2)  Condition  of  the  tower? 

(13)  Any  safety  problems? 

(14)  Ladder  in  good  condition? 

(15)  Condition  of  the  gatehouse? 

(16)  Emergency  plan  completed  for 
the  dam? 

a.  Posted  in  the  gatehouse? 

(17)  Other? 

(1)  Do  concrete  surfaces  show: 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(2)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(3)  Do  energy  dissipaters  show: 

a.  Signs  of  deterioration? 

b.  Are  they  covered  with  debris? 

(4)  Other? 
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YES 

NO 

REMARKS 

ITEM 

3.  OUTLET  WORKS  (continued) 
E.  Downstream  Channel 


(1)  Is  the  channel: 

a.  Eroding  or  backcutting? 

b.  Sloughing? 

i 

c.  Obstructed? 

(2)  Is  released  water: 

a.  Undercutting  the  outlet? 

b.  Eroding  the  embankment? 

(3)  Other? 

4.  SPILLWAY 

A.  Description  " 

(1)  Location?  

(2)  Type  of  Spillway?  

(3)  Size  of  Spillway?  

(4)  Spillway  lining?   

(5)  Is  there  a  weir?  

(6)  Is  the  spillway  in  good  condition? 

(7)  Any  drains?  

a.  Describe  the  condition  of  drains. 


B.  Does  spillway  show: 


(1)  Any  cracking  concrete? 

(2)  Any  spalling  concrete? 

(3)  Any  exposed  reinforcement  in 
the  concrete? 

(4)  Any  erosion? 
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YES 

NO 

REMARKS 

ITEM 



4.  SPILLWAY  (continued) 
4.  B.  Does  spillway  show:  (continued) 


(5)  Any  slope  sloughing? 

(6)  Any  obstructions? 

(7)  Displacement  or  offset  joints? 

(8)  Loss  of  joint  material? 

(9)  Leakage  at  the  joints? 

(10)  Other? 

C.  Do  the  energy  dissipaters  show: 


(1 )  Signs  of  deterioration? 

(2)  Any  cracking? 

(3)  Any  spaliing? 

(4)  Any  exposed  reinforcement? 

(5)  Are  they  covered  with  debris? 

(6)  Other?       -   -    -  ■ 

D.  Has  release  water: 


(1 )  Eroded  the  embankment? 

(2)  Undercut  the  outlet? 

(3)  Eroded  the  downstream 
channel? 

(4)  Other? 

E.  Emergency  Spillway 


(1 )  Is  there  an  emergency  spillway? 


(If  YES,  describe) 
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YES 

NO 

REMARKS 

ITEM 

5.  RESERVOIR  CONTROL 


A)  Recent  upstream  development? 

B)  Recent  downstream 
development? 

C)  Slides  in  reservoir  area? 

D)  Change  in  reservoir  operation? 

E)  Large  impoundment  upstream? 

F)  Any  debris  in  the  reservoir? 

G)  Other? 

6.  INSTRUMENTATION 


A)  List  type(s)  of  instrumentation: 

B)  In  good  condition? 

C)  Read  periodically? 

D)  Is  data  available? 

E)  Include  all  data  gathered  since  last  report. 

7.  DOWNSTREAM  CONDITION 

A.  Downstream  Land  Use. 


This  dam  was  inspected  by: 

Additional  comments  and  recommendations. 
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DISTRIBUTION  LIST 
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NEVADA  CREEK  DAM  O&M  DISTRIBUTION  LIST 


Number 
Of  Copies 

1.  State  Water  Project  Bureau  7 

Glen  McDonald 
Greg  Ames  (vacant) 
Art  Taylor  (2) 
Bob  Arrlngton 
Bob  Clark 
Dolores  Eustice 

2.  DNRC  Information  Services  Section  1 

3.  DNRC  Regional  Office  1 

Jim  Beck 

4.  Dam  Safety  1 

5.  Water  Users  3 

Steve  Graveley  -  President 
Tracy  Manley  -  Vice  President 
Janet  Manley  -  Secretary 

6.  Dam  Operator  2 

Dam  Operator  CRandy  Hawkins) 
Gate  House 

7.  State  Library  —  Attn:  Roberta  Gebhardt  4 

8.  Extra  2 
TOTAL  21 
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MONITORING  WELL  LOGS 
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ENGINEERING 

SOIL  CLASSIFICATION/LEGEND 


COARSE-GRAINED  SOILS 
More  than  50% 
retairMd  on 
No.  200  sieve 


FINE-ORAINED  SOILS 
50%  or  more  passes 
the  No.  200  sieve 


HIGHLY  ORGANIC  SOILS 


GRAVELS 
More  than  50%  of 
coarse  fraction 
retained  on  No.  4 
stovo   


SANDS 

50%  or  more  of 
coarse  faction 
passes  No.  4  sieve 


SILTS  &  CLAYS 
Liquid  limit 
less  than  50 


SILTS  &  CLAYS 
Liquid  limit 
Greater  than  50 


CLEAN  GRAVELS 
Less  than  5%  fir>es 


GRAVELS  >Ml  FINES 
More  than  12%  fines 


CLEAN  SANDS 
Less  than  5%  fines 


SANDS  with  FINES 
More  than  12%  fines 


INORGANIC 


ORGANIC 


INORGANIC 


ORGANIC 


Primarily  organic  matter,  dark  in  color,  and 


organic  odor 


GW 


GP 


GM 


GC 


SW 


SP 


SM 


SC 


CL 


ML 


OL 


CH 


MH 


OH 


PT 


Well-graded  gravels 


Poorty-graded  gravels 


Gravel  and  silt 
mixtures 


Gravel  &  clay  mixtures 


Well-graded  sands 


Poorty-graded  sands 


Sand  and  silt  mixtures 


Sand  and  clay  mixtures 


Low-plasticity  clays 


Nor>-ptastic  and  low- 

plasticity  silts  


Non-ptastic  ar>d  low 
ptasticily  orgartic  clays 

Non-plastic  artd  low- 
plasticlty  organic  siits 
High-plasticity  clays 


High-plasticity  silts 


High-piasticity 
organic  clays 

High-plasticity 
organic  soils 


peat 


^iCotnponeflt : 


Boulders 


Cobbles 


Gravel 


Coarse  gravel 


Fine  gravel 


Sand 


Coarse  sand 


Medium  sartd 


Firte  sand 


SiM  and  Clay 


Greater  than  12  in. 


3  in.  to  12  in. 


3  in.  to  No.  4  (4.75  mm) 


3  in.  to  Vt  in. 


'A  in.  to  No.  4  (4.75  mm) 


No.  4  (4.75  mm)  to  No.  200  (.075  mm) 


No.  4  (4.75  mm)  to  No.  10  (2.0  mm) 


No.  10  (2.0  mm)  to  No.  40  (0.425  mm) 


Ho  40  (0  425  mm)  to  No.  200  (0  074  mm) 


Smaller  than  No.  200  (0.075  mm) 


Description  ^ 


Silt 
Clayey  Silt 
SiHy  Clay,  Lean  Clay 
Clay,  Fat  Clay 

Plastic  Silt 
Organic  Soils 


ML  (non-plastic) 
CL-ML  (low  plasticity) 
CL 
CH 
MH 
OL.  OH,  Pt 


'^^^^^^RMwW^Uttill<i'i^tii«tr«lioii  Test  Values 

Cohesiy*  SoSs^ 

"  ^  '  '  ''.^/'^  ' 

NWowsm*^ 

Consiitency 

-  Uadfidned 
Shear  »r«ngth^ 

Very  loose 

0to4 

0-15 

Very  soft 

0to2 

<250 

Loose 

4  to  10 

1535 

Soft 

2  to  4 

250  -  500 

Med.  Dense 

10  to  30 

35-65 

Med.  Stiff 

4  to  8 

500-1000 

Dense 

30  to  50 

65-85 

Stiff 

8  to  15 

1000  -  2000 

Very  Dense 

Over  50 

>85 

Very  Stiff 

15  to  30 

2000  -  4000 

Hard 

Over  30 

>4000 

,  0«scr{ptJv«  Tetrminotogy  D«noliQ|^ 


F^^^OMCriptfv*  T«fw» 



Trace 
Little 

Some  or  Adjective"* 
And 

0-5% 
5-12% 
12-30% 
30  -  50% 

(a)Llse  gravelly,  sandy  or  silty  as  appropriate. 


(a)    Soils  consisting  of  gravel,  sand  and  silt,  either  separately  or  in  combination,  possessing  no 
characteristics  of  plasticity  and  exhibiting  drained  behavior. 


(b) 
(c) 

(d) 


Soils  posses&ir>g  the  characteristics  of  plasticity,  and  exhibiting  undrained  t>ehavior. 

Refer  to  text  of  ASTM  D  1586  for  a  definition  of  N:  in  normally  consolidated  cohesionless  soils 
relative  density  terms  are  based  on  N  values  corrected  for  overburden  pressures. 


Undrained  shear  strength  >  "A  unconfined  compressive  strength. 


\J        Water  Elevation  Noted  During  Drilling 

Water  Elevation  Recorded  After  Drilling  Complete 
\^       Water  Elevation  Recorded  After  Auger  Removal 


'  Sol 

Dry 

Dry  of  the  optimum 
moisture  content. 

Moist 

Approximately  at 
optimum  moisture. 

Very  Moist 
To  Wot 

Wet  of  optimum  to 
saturated. 

Spin  Spoon  Sampler  (2.0"  CD) 


Ring  Sampler  (3.0"  OO) 

*  Indicates  increased  blow  counts 
due  to  sampler  size. 


Shelby  Tube  Sampler  (3.0"  00) 


Unless  otherwise  noted,  drive  samples  advanced 
with  140  lb.  Hammer  with  30  in.  drop. 
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ENGINEERING 


ROCK  CLASSIFICATION  DESCRIPTIONS 


'^'m^^m^^^i      ^  <^#».:^;a?^«^V^            ROCK  STRENGTH^'^P^^^ '  ^'^^^^^m¥M^ 

rial  a  * 

1 

Extremdy  Strong 

Many  blows  with  geok>gic  hammer  required  to  break  intact 
specimen. 

>2000 

II 

Very  Strong 

Hand  held  specimen  breaks  with  hammer  efKJ  of  pick  under  more 
than  or>e  bkjw. 

2000-1000 

III 

Strong 

Cannot  be  scraped  or  peeled  wtth  knife,  hand  hekj  specimen  can  be 
broken  with  single  moderate  bkJW  with  pick. 

1000-500 

IV 

Moderately  Strong 

Can  just  be  scraped  or  peeled  with  knife.  Indentatkxis  1  mm  to  3mm 
show  in  specimen  with  moderate  btow  with  pick. 

500-125 

V 

Moderately  Weak  to  Weak 

Material  crumbles  under  moderate  bk>w  with  sharp  end  of  pck  and 
can  be  peeied  with  a  knife,  txjt  is  too  hard  to  hauvj  thm  for  tricudal 
test  specimen. 

125-12 

1 


.  c::-'  WEATHERINO  -        ^  -  ^                      ^ ^^m^mf^^iWM 

SymboJ 

Diagnostic  Features 

Fresh 

F 

No  visible  sign  of  decomposition  or  discoloration.  Rings  when  struck  by  hammer. 

Slightly  Weathered 

WS 

Slight  discoloration  inwards  from  open  fractures,  otherwise  similar  to  F. 

Moderately  Weathered 

WM 

Discotoration  throughout.  Weaker  minerals  such  as  feWspar  decomposed.  Strength  somewtiat  less 
than  fresh  rock  but  cores  cannot  be  t)roken  by  hand  or  scraped  by  knife.  Texture  preserved. 

Highly  Weathered 

WH 

Most  minerals  somewtiat  decomposed.  Specimens  can  be  broken  by  hand  with  effort  or  shaved  with 
knife.  Core  stones  present  in  rock  mass.  Texture  becoming  indistinct  but  fabric  preserved. 

Completely  Weathered 

WC 

Minerals  decomposed  to  soil  but  fabric  and  structure  presen^'ed  (Saprolite).  Specimens  easily  cruml^B 
or  penetrated. 

Residual  Soil 

RS 

Advanced  state  of  decomposition  resulting  in  plastic  soils.  Rock  fabric  and  structure  completely 
destroyed.  Large  volume  change. 

/        '                                          STRimTIIRAI  PAPAIUIPTPR.Q 

Descrtption  tar  Structural  Features: 
Bedding,  Foiiation.  or  Flow  Banding 

Spacing 

Description  for  Joints^ 
Faults  or  Other  Fractures 

Very  Thickly  (bedded,  foliated,  or  banded) 

More  than  6  feet 

Very  Widely  (fractured  or  jointed) 

ThicWy 

2  -  6  feet 

Widely 

Medium 

8  -  24  inches 

Medium 

Thinly 

2%  -  8  inches 

Closely 

Very  Thinly 

y*  -  2'/4  inches 

Very  Closely 

S«serlptlon  for  l^icrostructurat  Features; 
Lamination.  FoMatlon.  or  Cieavage 

Description  for  Jolitt*^i^;':f><A? 
Faults  or  Other  Fractures  " 

Intensely  (laminated,  foliated  or  cleaved) 

-  y*  inch 

Extremely  Close 

Very  Intensely 

Less  than  %  inch 

ROD 

ROD  {Rock  Quality  Designation) 

Description  of  Rock  Quality 

0-25% 

Very  Poor 

25  -  50% 

Poor 

50  -  75% 

Fair 

75  -  90% 

Good 

90-  100% 

Very  Good 
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Silty  Sand  and  Gravel  (SM);  dense,  dry,  light 
brown,  roots  in  upper  .3ft,  gravel  is  fine,  sand  is 
fine  to  medium 
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4624.9 


Lean  to  Fat  Clay  (CL-CH);  stiff,  dry  to  damp, 
ydlov/ish  brown,  3'-8'  trace  fine  gravel 
(Impen/ious  Embankment) 
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ss-i 


7/18 
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SS-2 
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8'-14'  Little  Fine  Gravel 
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Scattered  Coarse  Gravel 
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Poor  Recovery  Due  to  Gravel 

Permeability: 

14.0' to  19.0'.  k  =  3ft/yr. 
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LL=70  Pl=47 
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(GC);  very  stiff  to  compact,  damp,  yellowish 
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Sifty  Clay  (CL);  very  stiff,  damp,  yellowish  brown 
to  light  brown  with  some  rust  colored 
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Sample: 

SS-(10&11) 

M.C.=21.7% 

USCS=CH 

Gravel=7% 

Sand=18% 

Clay  Si2e=44% 

Silt  Size=31% 

LL=64  Pl=43 

Dispersion=0.9% 
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Sitty  Clay  (CL);  hard,  dry,  light  brown  to  tan  plus 
yellow  mottling,  trace  fine  gravel 


65.0 


4562.9 


Gravelly  Sitty  Clay  (CL);  very  stiff,  damp,  reddish 
brown,  gravel  is  coarse  (semi-pen,^ous 
embankment?) 


68.5 


4559.4 


Gravelly  Clay  (CL);  some  silt,  very  stiff,  damp, 
brov/n  to  red  brown,  with  mottling  -  many  colors, 
gravel  is  mostly  fine,  some  coarse 


73.5 


4554.4 


Gravelly  Sitty  Clay  (CL);  hard,  dry,  light  brown 
with  mottling,  gravel  is  fine 


i 


o 
o 

X 
UJ 

w 
2 
— ) 

Q. 
O 
I/) 

8 

UJ 

a: 
O 
a 

I 


Water  Level  During  Drilling 


80.0 


4547.9 


Q. 
UJ 
O 


65- 


SAMPLES 


UJ 
Q. 


b 
o: 

Ui 
Q. 

V) 

$ 
O 
_i 
ffi 


6 

15 

22 


10 
12 
17 


75- 


Continued  Next  Page 


80— 


6 

11 

36 


tr 

UJ 
CD 


SS-12 


SS-13 


SS-14 


SS-15 


Q 
UJ 

q: 

o  2 
UJ  q: 

q:  a 

2  2 


13/18 
72% 


6/18 
33% 


TESTS 


UJ 


(0 


UJ  a: 
I- 1- 

UJ 

O  en 

0.  I- 


2.7 
4.0 


18/18 
100% 


14/18 
78% 


2.2 
3.2 


2.5 
3.5 


N VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


CI 


ADDITIONAL 
DATA/ 
REMARKS 


Sample: 
SS-12 
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SS.14 

M.C.=19.7% 
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M.C.=NT% 

USCS=CH 

Gravel=16% 

Sand=23% 

Clay  Size=38% 

Silt  Size=23% 

LL=63  Pl=43 

Dispersion=0.0% 
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GraveJty  Clay  (CL);as  above  with  less  sitt,  more 
variable  gravel  size 
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Sllty  Gravelly  Clay  (CL);  occasional  cobbles, 
damp,  Stiff,  dark  brown,  gravel  is  mostly  pink  to 
maroon  unlike  gravel  above 


85 
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4540.4 


Sand  and  Gravel  (GW);  very  dense,  brown, 
sand  is  medium  to  coarse,  gravel  is  fine  to 
coarse,  little  to  trace  fines 


Permeat>irrty: 

89.3"  -  95.0'.  k=2034  ft/yr 

94.3*-  100.0'.  k=165  ft^^r 


go- 


As  above  with  little  sift,  coarser  gravel  is 
quart2dte  dasts 


12 
60/2f 


SS-17 


8/8 
100% 


SS-18 


8/18 
44% 


SS-19 


13/18 
72% 


Continued  Next  Page 


100  — 


1.0 
1.75 


Sample: 
SS-16 

M.C.=15.1% 


Sample: 
S-(18&19) 

.C.=-% 
Gravel=49% 
Sand=40% 
Fines=11% 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  11/11/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED  11/16/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 


JTS 


D9 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-01 


Sheet  6  of  9| 


CLIEMT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHrTECT/ENGINEER 

HKM  Engineering  Inc. 


SfTE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


Sand  and  Gravel  as  above 

Pemneabitily: 

99.3'- 104.0',  k=20ft/yr 


o 

o 
_j 

o 

X 
Q. 
< 

tr. 
O 


X 

y- 

Q. 
UJ 

o 


:1 


SAMPLES 


LU 


h 

cr 

UJ 
Q. 

CO 

O 
_j 
m 


i  — 


104.0 


4' 

4523.9  I  •  f 
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Bottom  of  Hole  at  104  ft 
Groundwater  Encountered  at  76.45  ft 
(11/16/1999) 
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Boulders  and  Gravel,  fines  are  washed  out, 
boulders  are  quartzHe,  tan  to  pink,  gravel  Is 
coarse  multi-colored  green,  muave,  brown,  rock  ' 
pieces  are  0.2-0.4'  thick,  smaller  gravel  is 
subangular  to  subrounded 
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Sandstone,  highly  fractured,  pink  to  light 
maroon,  silica  on  fractures,  iron  staining  on 
some  bedding  planes 


4515.7 


Sandstone  as  above,  some  micaceous  layers, 
possible  slickensides  at  1 13.3',  very  thinly 
bedded  In  most  portions 
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Siltstone,  highly  fractured,  maroon  with  tan 
mottling  and  abundant  rust  staining,  tan  zones 
maybe  rip^up  clasts,  grades  to  fine  sandstone 

 Continued  Next  Page  


o 
o 
—J 

g 
I 

Q. 
< 
OH 

o 


I 

Q. 
UJ 
Q 


105- 


110- 


X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 


115- 


120— 


c 

o 
o 


2.3/4.2 


> 
o 

cr: 


d 
d 

of 


1.5/3.3  0 


1.8/1.8 


4.5/5 


X 
01 
■D 

_c 

o> 
c 

x: 

0) 

13 

0) 


WS 


WS 
WM 


X 

T3 
C 


B 
c 

0) 

w 


rt 
ra 

Q. 


323 


323 


323 


323 


X 
01 

c 


O 
Q. 


0) 


ADDITIONAL 
DATA/ 
REMARKS 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  11/11/99 

FINISHED  11/16/99 

DRILL  CO.  RB&G  Eng 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

LOGGED  BY  SS 

APPROVED  BY  JTS^ 

Dll 


Project  No.  8M087.156 


LOG  OF  DRILLHOLE  NO.  DH99-01 


Sheet  8  of 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


o 

o 
-J 

o 

X 
< 

tr. 
O 


0. 
LU 

G 


c 
a: 

O 

o 


> 


d 
o 


X 

a; 
c 

w 

il 


■D 

c 


c 


01 


a; 


X 

_c 

•D 

o 


c 
o 
0. 


I, 

OJ 
Z3 


ADDITIONAL 
DATA/ 
REMARKS 


123.3 


4504.6 


X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 

X  X 


Sandstone,  highly  fractured,  abundant  iron 
staining,  several  thin  0.1-0.2'  zones  of  siftstone, 
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Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4627.9  ft. 


Datum:  MSL 
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4499.9 


CSSI  10x20  Silica  Sand  Fitter  Pack  (128"  - 134') 
134.0  4493.9 


Slough  (134' -143.3') 
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red  brown,  little  sand,  scattered  boulders  up  to 
1'  diameter  (rock  shell) 
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Clayey  Gravel  (GC)  to  Gravelly  Clay  some  Sand 
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Clay  Size=23% 
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LL=50  Pl=31 
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Graveis  are  gray  and  maroon 
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No  recovery  due  to  gravds 


Becomes  damp,  pinkish-brown  to  red-brown 


Permeability: 
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Clayey  Gravel  with  Scattered  Cobbles  (GO); 
dense,  wet  (drill  H20),  day  is  gray  brown  to  red 
brown  at  bottom,  gravel  is  coarse,  some 
medium  to  coarse  sand  (semi-pervious 
embankment) 
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SittSize=14% 
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Permeability: 

40.0' to  41.5'.  k=363fl/yr 

40.0' to  45.0',  k=1012ft/yr 
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Gravelly  Clay  (CL);  hard,  wet.  olive  brown  to 
brown,  gravel  mostly  coarse,  some  coarse  sand 
(semi-impervious  embankment) 
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Sand  and  Gravel  with  Scattered  Cobbles  and 
Boulders  (GM);  very  dense,  wet,  grayish  brown, 
larger  gravel  is  maroon,  gravel  is  fine  to  coarse 
and  sub-rounded,  sand  is  medium  coarse,  little 
fines  (alluvial  sediments) 
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Sand  and  Gravel  (GM);  very  dense,  wet,  gray 
brown  with  multi-colored  gravel,  (rock  chips 
predominately  t)lack),  little  fines 


Permeability: 

64.0*  to  71.0',  k=1569ft/yr 
74.0'  to  79.0*.  k=29  ft/yr 
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Clayey  Gravel  (GO);  very  dense,  wet,  matrix  is 
ofive-brown  with  yellow  mottling,  gravel  is  mostly 
black,  also  pink,  red,  blue-green,  gravel  is  fine  to 
coarse,  some  fine  sand 
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Argillite  (sittstone/fine  grained  sandstone),  tan 
with  maroon  stringers  along  bedding,  very  thinly 
bedded,  moderately  weathered,  iron  staining 
and  silica  in  fractures,  strong  to  moderately 
strong,  very  highly  fractured,  drills  to  rubble, 
highly  permeable 
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Becomes  maroon 
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Argillite  (Siltstone/Fine  Grained  Sandstone), 
maroon  with  zones  of  pink  to  tan  (mottling). 
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very  thinly  bedded,  moderately  to  highly 
weathered,  moderately  strong,  highly  fractured, 
drills  to  rubt}le,  permeable 
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Fine  Grained  Sandstone,  tan  to  rust,  highly 
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larger  pieces  of  core  show  brecciation 


105  — 


4.2/5 


WH 


IV 


106.2 


4492.5 


2482 
(103-- 
108*) 


Siltstone,  maroon  vMh  tan  to  rust  mottling, 
highly  weathered,  moderately  strong,  fractured 
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Nevada  Creek  Dam 


Surface  Elev.:  4598.7  ft 
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_2iL^Protective  Steel  Box  (+3'  -  2') 
Hole  Plug  and  Slough  (2'  -  23.7') 
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Hole  Plug  (23.7'  -  29.3") 
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CSSI  10x20  Silica  Sand  Fitter  Pack  (29.3"  -  54') 
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(12/20/99) 


1"  Slotted 
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1"  PVC  Pipe 
Typical 

1"  Slotted 
(0.020")  PVC 
(32'-52") 


Water  Levels 

4557.6- 

(6/30/00) 


4545.2' 
(12/20/99) 


UJ 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone;  (406)  656-6399 
Fax:  (406)656-6398 


STARTED 


12/1/99 


DRILL  CO  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED  12/7/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED 


JTS 
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Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-03 


Sheet  1  of  3 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4553.0  fl. 


Datum:  MSL 


o 
o 
-J 

o 

X 
Q. 
< 

a: 
O 


0. 
Hi 

a 


SAMPLES 


0. 


en 
111 

0. 

to 
o 

-J 

CO 


a: 

HI 
CO 


o 

HI 
01 

^2 

o  ^ 
uj  a: 
a:  a 


TESTS 


2 
UJ 

0.  UJ 


UJ 


oa: 
a.  H 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


Gravelly  Silt  (ML);  dry  to  damp,  brown  to  dark 
brown,  gravel  is  fine  and  sub-rounded,  some 
fine  to  medium  sand,  roots  in  0.0  - 1.0'  (fin?) 


4.0 


"4549.0 


Clayey  Sand  (SC);  very  loose,  damp,  brown, 
Gttle  fine  gravel 


8.0 


4545.0 


Clayey  Silt  (ML);  very  soft,  moist  to  wet,  dark 
brown,  some  fine  sand,  little  mica 


10.0 


4543.0 


Sand  and  Gravel  (GW);  dense  to  very  dense, 
dry  saturated  at  13',  brown  to  dark  brown, 
moderate  permeability 


• 
4 


Permeability: 

19.0' to  24.0',  k=199  ft/yr 


1 


14 
15 
15 


20- A 


Continued  Next  Page 


30 
50 
37 


SH-1 


SS-1 


20/24 
83% 


18/18 
100% 


□ 


SS-2 


SS-3 


SS-4 


13/18 
72% 


13/18 
72% 


16/18 
89% 


[] 


Sample: 
SH-1 

M.C.=24.1% 
USCS=SC 
Gravel=11% 
Sand=41% 
Clay  Si2e=20% 
Silt  Si2e=28% 
LL=38  Pl=17 
Phi=29.8  degees 
Cohesion=230psf 
Dry 

Density=81.4pcf 


Sample 
^S-(3&4) 


M.C.=NT% 
Gravel=66% 
Sand=25% 
Fines=9% 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED 


12/8/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED  12/9/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 


JTS 
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LOG  OF  BOREHOLE  NO.  DH99-03 


Sheet  2  of  3 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


o 

o 
_j 

o 

X 
Q. 
< 

a: 
O 


X 

»- 

Ql 
UJ 

o 


Permeability: 
29.0'.  k=176ftVr 


I 

t 


Becomes  dean,  trace  fines,  high  permeability 


Permeability: 
34.0',  k=8900  ft/yr 


39.2 


Permeability: 
39.0',  k=2409  ft/yr 


45138 


See  Sheet  3  for  Continuation  of  Core  Drilled 

Portion  of  Log 

Bottom  of  Hole  at  58.3  ft 

Groundwater  Encountered  3.7  ft  (12/9/1999) 
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SAMPLES 


CL 


q: 

0. 
(0 

o 
_i 
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35  — 


_3bO/4. 


tr 

UJ 

ffi 
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SS-5 


Q 
at 
a: 

o  ^ 
HI  cr 


14/18 
78% 


SS-6 


SS-7 


SS-8 


14/18 
78% 


6/11 
55% 


0/18 
0% 


TESTS 


UJ 


UJ  cr 
a.  UJ 

I-  H 
UJ  UJ 

oo 
O  a: 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


wc 


LL 
H 


10    20    30  40 


Sample: 
^S-(5&6) 
M.C.=NT% 
Gravel=58% 
Sand=34% 
Fines=8% 


ADDITIONAL 
DATA/ 
REMARKS 


I 
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Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED 


12/8/99 


DRILL  CO  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


SS 


FINISHED 


DRILL  RIG 


mi 


ASST  DRILLER 
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APPROVED  BY 
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Sheet  3  of  3 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

  HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


o 

o 
_i 

o 

X 
< 

O 


Ql 
Ul 

a 


c 

3 

cr 

V 

o 
o 


o 
d 


X 

•o 
c 

OB 

c 
To 


X 

c 

•& 

c 


X 
0) 

c 


s 


o 


8. 


O) 


c 
3 


ADDITIONAL 
DATA/ 
REMARKS 


Argilllte  (siHstone/fine  grained  sandstone), 
brownish  red  to  tan,  moderately  to  highly 
weathered,  iron  staining  and  other  soft 
mineralization  in  fractures,  very  thinly  bedded, 
strong  to  moderately  strong,  very  highly 
fractured,  moderate  permeabiTity 


4513.6 


Bottom  of  Hole  at  58.3  ft. 


58.3 


4494.7  ; 


40— 


*.3/4.2 


0% 


WM 


II 
III 


840 


45- 


5/5 


0% 


WM 


II 
III 


840 


50— 


5/5 


10% 


WM 


1110.7 


55  — 


5/5 


0% 


WM 


1110./ 
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Engineering 


HKM  Engineering  Inc. 
222  North  32ncl  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED 


12/8/99 


DRILL  CO.  RB&G  Eng 


DRILLER 


BH 


LOGGED  BY 


SS 


FINISHED  12/9/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 
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WELL  COMPLETION  LOG  NO.  DH99-03 


Sheet  1  of  1 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ENGINEER 


HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4553.0  ft. 


Datum:  MSL 


Q. 

UJ 

Q 


Water  Levels 
4557.0* 


WELL 
CONSTRUCTION 
Stand  Pipe 
Cover 


Open  System  Piezometer 
(99-3) 




Protective  Steel  Box  (+1.5'  -  3') 


3.0 


4550.0 


Hole  Plug  (3.0"  - 14.3') 


5— 


10- 


(5/22/00) 

4549.3" 
(12/20/99) 


1 


14.3 


4538.7 


CSSI  10x20  Silica  Sand  Filter  Pack  and  Slough 
(14.3' -20.0') 


15— 


r  PVC  Pipe 
Typical 


20.0 


45330 


CSSI  10x20  Silica  Sand  Filter  Pack  (20.0'  - 
30.0') 


-20— 


25  — 


r  Slotted 
(0.020")  PVC 
(20.0'  -  30.0') 


30.0 


4523.0 


31.4  Slough  (30.0' -31.4') 


4521.6 


-30  — 


21A. 


.Hole  Plug  (31.4' 
'Slough  (32.4 


32.4') 

— 


_452QJ 


35  — 


40  — 


45  — 


50  — 


55  — 


58.3  Total  Depth  58.3' 


4494.7 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)656-6398 


STARTED  12/8/99 

FINISHED  12/9/99 

DRILL  CO  RB&G  Eng. 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

LOGGED  BY  JS 

APPROVED  JTS^ 
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LOG  OF  BOREHOLE  NO.  DH99-04 


Sheet  1  of  3 


CLIEMT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


srrE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4598.4  ft.      Datum:  MSL 


1.0 


Silt  (ML);  frozen,  dark  brown,  some  sand,  trace 
gravel,  rootlets 


4597. 


Gravelly  Clay  (CL);  very  stiff,  dry  to  damp, 
reddish  brown  to  brown,  Bttie  medium  to  coarse 
sand  (weattiered  landslide  deposit) 


9.5 


4588.9 


Gravel  to  Clayey  Gravel  (GO);  very  dense,  dry  to 
damp,  reddish  brown  to  brown,  some  zones  are 
coarser  -  more  gravel  (landslide  deposit) 


19.0 


45794 


Gravel  (GW);  dense,  natural  moisture  unknown 
due  to  drill  H20,  reddish  brown,  little 

 Continued  Next  Page  
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UJ 
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11/18 


TESTS 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


wc 


LL 
H 


10    20    30  40 


ADDmON/\L 
DATA/ 
REM/iiRKS 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/14/99 


DRILL  CO.  RB&G  Eng. 
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LOGGED  BY 


SS 


FINISHED  12/15/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 
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LOG  OF  BOREHOLE  NO.  DH99-04 


Sheet  2  of 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


to  some  day,  little  sand  (landslide  deposit) 


24'  -  28'  Loose  gravel,  lost  circulation 


280 


4570.4 


Gravel  to  Clayey  Gravel  (GO);  dense,  wet?,  clay 
matrix  is  red-brown  to  reddish  gray,  gravel 
mostly  well  graded  and  subangular,  tends  to 
coarse,  little  to  some  sand  (landslide  deposit) 
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Ui 
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ADDITIONAL' 
DATA/ 
REMARKS 


Sample: 
SS-<5&6) 


UJ 
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HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/14/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED 


DRILL  RIG 


12« 


ASST  DRILLER 
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LOG  OF  BOREHOLE  NO.  DH99-04 


Sheet  3  of  3 


CL\ENJ 

Montana  Dept.  of  Natural  Resources  and  Conservation 


SITE 


Nevada  Creek  Reservoir,  Montana 


(continued) 


Water  level  during  drilling 


48.0 


4550.4 


Sand  and  Gravel  (GC);  dense,  wet,  red-brown, 
some  clay,  sand  is  fine  to  medium,  gravel  is 
mostly  coarse 


49'  -  54'  Lost  drcuiation,  hole  caving  ahead  of 
casing 


52.0 


4546  4 


Silty  Sand  and  Gravel  (SM);  dense,  wet,  brick 
red  to  red-brown,  more  fines  than  48-52',  gravel 
is  mostly  fine,  sand  is  well  graded 


Permeability. 

49'.  k=61  ft/yr  (Open  End  Test) 
49' -54',  k>56 14  ft/yr 
54'  -  59',  k=221  ft/yr 


Bottom  of  Hole  at  59.0  ft 
Groundwater  Encountered  at  47.3  ft 
(12/15/1999) 


59.0 


4539.4 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


PROJECT 


Nevada  Creek  Dam 
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56% 


SS-7 


SS-8 


SS-9 


2/18 
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12/18 
67% 


16/18 
89% 


TESTS 


UJ  01 
Q.  Ui 

H-  t- 
UJ  UJ 

O  tt 
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2.2 


1.5 
2.5 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


wc 


LL 
H 

10    20    30  40 


□ 


ADDITIONAL 
DATA/ 
REMARKS 


M.C.=8.9% 

USCS=GC 

Gravel=52% 

San<l=35% 

Fines=13% 


Sample: 
SS-9 

M.C.=NT% 

USCS=SM 

Gravel=22% 

Sand=51% 

Fines=27% 

LL=28  Pl=5 
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HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/14/99 
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DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED  12/15/99 
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WELL  COMPLETION  LOG  NO.  DH99-04 


Sheet  1  of  1 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


srrE 


Nevada  Creek  Reservoir,  Montana 


Surface  Elev.:  4598.4  ft. 


Datum:  MSL 


2  5  Protective  Steel  Box  and  Cement  Seal  (+3"  - 

"^2.5-)    

Bentonite  Hole  Plug  (2.5'  -  42') 


4595.9 
J  


42.0 


4556.4 


CSS!  10x20  Silica  Sand  Filter  Pack  (42'  -  48') 

48.0   4550.4 


Slough  (48'  -  52.9") 


52.9 


4545.5 


CSSI  10x20  Silica  Sand  Filter  Pack  (52.9'  -  58') 


58.0 


4540.4 


€&:e^Slough  (58'  -  59') 


4S397 


Q. 

UJ 
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5; 
10; 
15^ 

20; 
25; 

35^ 
40  = 
45^ 
50^ 
55  = 


ENGINEER 


HKM  Engineering  Inc. 


PROJECT 


Nevada  Creek  Dam 


1"  PVC  Pipe 
Typical 


1"  Slotted 
(0.020-)  PVC 
(43.0- .  sa.o*) 


WELL 
CONSTRUCTION 
Stand  Pipe 
Cover 


Observation  Well 
(99-4) 


Water  Levels 

4558.1* 

(5/13AX3) 

4551. r 
(12/20/99) 
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Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHfTECT/ENGINEER 

HKM  Engineering  Inc. 
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PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4628.6  ft. 


Datum:  MSL 
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ADDITIONAL 
DATA/ 
REMARKS 


Sand  and  Gravel  (GM);  compact,  dry,  brown, 
occasional  cobbles  and  boulders 


3.0 


4625.6 


Gravelly  Clay  (CH);  stiff  to  very  stiff,  dry  to  damp, 
light  brown  with  rusty  mottjing,  fittle  to  some  silt 
and  sand  (Impen/ious  embankment) 
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12 


SS-1 


12/18 
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16.0 
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CO 

2 

— ) 
Q. 
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Coarse  gravel  zone 


17.5 


4611.1 


Gravelly  Clay  (CH);  damp,  as  above 
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1.8 
2.5 


SH-1 


8/18 
44% 


□ 


65 


Sample: 
SS-(2&3) 
M.C.=20.9% 
USCS=CH 
Gravel=21% 
Sand=17% 
Clay  Size=41% 
Silt  Size=21% 
LL=65  Pl=45 


Sample: 
SS-3 

M.C.=19.6% 
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Billings,  MT  59101 
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STARTED  11/17/99 
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Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHrrECT/ENGINEER 

HKM  Engineering  inc. 


SUE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 
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ADDITIONAL  I 
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5  SS-4 
8 


16/18 
89% 


1.5 
2.5 


Poor  Recovery,  rock  in  shelby  tube 


30- 


SS-5 


14/18 
78% 


1.3 
1.8 


□ 


U  SH-2 


33.0 


4595.6 


Coarse  gravel  zone 


34.5 


4594.1 


Gravelly  Clay  (CH);  as  above,  brown  to  rusty 
brown  (bottom  of  dam  embankment) 
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35- 
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SS-6 


8/18 
44% 


12/18 
67% 


1.5 
2.5 


0.5 


SS-7 


18/18 
100% 


2.0 
2.8 


62 


56 


Sample: 
SS-(4&5) 
M.C.=21.6% 
USCS=CH 
Gravel=8% 
Sand=16% 
ClaySlze=48% 
Silt  Size=16% 
LL=62  Pl=42 
Dispersion=0.0? 


Sample: 
SS-5 

M.C.=23.9% 


Sample: 
SH-2 

M.C.=19.4% 
Dry 

Density=100pcf  | 
Sample: 
SS-6 

M.C.=15.6% 


Sample: 
SS.7 

M.C.=23.2% 
USCS=CH 
Gravel=1% 
San<j=36% 
Clay  Size=41% 
SiK  Size=22% 
LL=56  Pl=38 


UJ 
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HKM  Engineering  Inc. 


SfTE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


41.0 


4587.6 


Clayey  Sand  and  Gravd  (GO);  dense  to  very 
dense,  damp,  matrix  is  brown,  gravel  varied  - 
Wack,  pink,  gray,  gray,  gravel  Is  fine  to  coarse, 
sand  is  medium  to  coarse  (native 
alluvial/colluvial  sediments) 


I 


u. 
X 

o. 
Q 


Permeability: 

50.0'  -  55.0*,  k=30.5  ft^r 

55.0" -60.0*,  k=321  ft/yr 


Water  level  during  drilling 
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SAMPLES 


UJ 
Q. 


01 
UJ 
CL 

CO 

O 
_i 

CD 


50- 


55- 


27 
35 
27 


60- 


17 
24 
32 


ai 
m 


SS-6 


SS-9 


SS-1C 


SS-11 


o  ^ 

UJ  a: 
a:  a 


16/18 
89% 


14/18 
78% 


14/18 
78% 


11/18 
61% 


TESTS 


ujj^ 
UJ  en 

Q.  UJ 
H  H- 
UJ  Ul 

O  oc 
a.  t- 


2.5 


N  VALUE 
BLOWS/FOOT 
□ 


PL 
h- 


wc 


LL 


10    20    30  40 


ADDmONAL 
DATA/ 
REMARKS 


Sample: 
S-8 

.C.=6.8% 


Sample: 

riTSS-<9&10) 

.Tm.C.=7.2% 
USCS=GC 
Gravel=51% 
Sand=31% 
Fines=18% 
LL=34  Pl=19 


Sample 
0^3-10 
*^.C.= 


10.5% 


Sample: 
4^S-(11&12) 

TM.C.=11.3% 
USCS=GC 
Gravd=48% 
Sand=33% 
Fines=19% 
LL=37  Pl=21 
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srTE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


PermeabiTrty: 

60.0'  -  70.0',  k=347  ft/yr 


65.5 


4563.1 


Silty  Clay  (CL);  hard,  light  brown,  Irttle  fine  gravel 


68.5 


4560.1 


Gravelly  Clay  (CL);  hard,  wet,  pink  to  mauve, 
gravel  is  fine 


o 
o 

X 
lU 

m 

-» 
0. 

o 

CO 

8 
d 

tr 

S 

Ul 


81 


Permeability: 
70.0'  -  75.0'.  k>2222  ft/yr 
75.0'  -  80.0',  k=2862  ft^r 
79.0' -88.0'.  k=1681  ft/yr 
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X 
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SAMPLES 


LU 
CL 


a: 
lij 

Q. 

CO 
o 

_J 

CO 


65- 


70- 


22 
24 
34 


SS-12 


19 
12 
65 


SS-13 


75- 


so- 


ls 

17 

17 


23 
31 
23 


a: 

UJ 

m 


SS-14 


SS-1S 


0> 
ixj  a: 

2  2 


10/18 
56% 


TESTS 


aii2 
2  . 
UJ  q; 

Q.  LLI 
t-  H 
UJ  LU 

o  a: 
a. 


16/18 
89% 


4/18 
22% 


2/18 
11% 


N  VALUE 
BLOWS/FCXDT 
□ 


PL 
I- 


WC 


LL 
H 


10    20    30  40 


>€3 


□ 


ADDmON/VJ.1 
DAT/V 
REMARKS 


Sample: 
S-12 

C.=14.1% 


I 

I 

i 


5 
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Nevada  Creek  Dam 


(continued) 
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o 
-J 

g 

X 

a. 
< 
ir 
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a 
Q 


SAMPLES 


at 

Q. 


a: 

UJ 
CL 

W 

o 

_l 

CQ 


111 
III 

3 


Q 
LU 

q: 

UJ  q: 


TESTS 


2  . 

lu  a: 

Q.  UJ 

i-t- 

m  UJ 

O  q: 

Q-  I- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


wc 


LL 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


80.5 


4548.1 


Highly  weathered  shale  bedrock 


81.5 


4547.1 


ss-ie 


18/18 
100% 


85- 


V... 


90— 


See  Sheet  6  for  Continuation  of  Core  Drilled 
Portion  of  Borehole 


Bottom  of  Hole  at  112.9  ft 
Groundwater  Encountered  at  59.02  ft. 
(11/19/1999) 


95— 
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(continued) 


o 
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_i 

o 

X 
Q. 
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UJ 

Q 


c 
o: 

o 
O 


on 


X 

n 

O) 

c 
"to 


X 
01 

■& 
c 
«> 

55 


fO 


X 
0) 
■D 

•D 

n 

o 


o 
0. 


ADDITION 
DATA/ 
REMARKS 


4 


81.5 


Quartzite,  highly  fractured,  only  small  (<1") 
pieces  recovered,  maroon  with  iron  staining 


4547.1 


D.5/3.1 


0% 


WM 


1681 


85- 


1.4/3.1 


0% 


1681 


87.7 


4540.9 


Quartzite,  highly  fractured,  most  is  medium 
grained  pink  to  light  maroon,  zones  (0.3-0.5') 
thick  of  fine  grained  quartzite,  dark  maroon, 
more  weathered,  individual  pieces  of  quartzite 
are  very  strong,  fine  quartzite  is  strong  at  89.3', 
a  piece  looks  like  breccia  with  siliceous  cement 
and  quartzite  dasts,  Fe  and  Mn  oxide  staining 
on  surfaces  is  common 


No  watel 


#4 


90— 


3/5 


0% 


WS 
WM 


II 
III 


939 


No  water  retu 


95- 


2/5 


0% 


939 


o 
o 

X 

111 

to 

-> 

0. 

a 
vi 

8 
cj 

tt 
o 
u 


No  water  reti 


urrjj 
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Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


o 

o 
-J 

o 

X 
D. 
< 

a: 
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Q. 
UJ 
Q 


c 

9} 
I  

o 
O 


u 
«> 

a: 


o 
d 

of 


X 

•D 
C 

C9 


X 


B 
c 
« 

S3 


X) 
H 
« 


o. 


X 
T3 


o 


c 
o 

CL 


o 
8. 


ADDmONAL 
DATA/ 
REMARKS 


No  recovery,  rock  blocked-off  in  core  bit 


107.7 


4520.9 


Quartzite,  highty  fractured,  fine  grained, 
micaceous,  maroon  to  dark  maroon,  some 
fractures  are  near  vertical,  bottom  1.0'  shows 
brecciation  and  re-cementation,  some  calcite  in 
breccia  zone,  whole  run  has  abundant  iron 
stains  and  silica  on  fracture  surfaces 


112.9 


4515.7 


0/5 


0% 


1234 


105— 


0/5 


0% 


1234 


110— 


4.4/5.2 


0% 


WM 


III 
IV 


o 
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UJ 

-> 
Q. 
O 

in 

8 

K 
O 
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Bottom  of  Hole  at  112.9  ft. 
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WELL  COMPLETION  LOG  NO.  DH99-05 
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CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


SITE 


Nevada  Creek  Reservoir,  Montana 


Surface  Elev.:  4628.6  ft. 


Datum:  MSL 


7  0  .  Protective  Steel  Box  and  Cement  Seal  (+3*  -  2")  462S.6 


entonite  Hole  Plug  (2'  -  33") 


33.0 


45956 


Bentonite  Hole  Plug  and  Slough  (33*  -  49') 


49.0 


4579.6 


53.8 


Bentonite  Hole  Plug  (49'  -  53.8') 


4574.8 


CSSI  10x20  Silica  Sand  Filter  Pack  (53.8'  -  61') 
61.0   4567.6 


Bentonite  Hole  Plug  and  Slough  (61'  -  80.5') 


80.5 


4548.1 


»^^Bentonite  Hole  Plug  (80.5  -  81.8')  ^'16.8 

CSSI  10x20  Silica  Sand  Filter  Pack  (81.8'  -  89') 


89.0 


4539.6 


Slough  (89'- 112.9') 


12.9 


4515.7 


Q. 
LU 
Q 


5: 
10: 
15: 
20  i 

25  i 
30- 


35: 
AO': 
45: 

~50i 
~55i 

JBO: 

65  i 

70; 

75  i 
-80; 

85; 
~90; 

95; 
100: 
105; 
110- 


ENGINEER 


HKM  Engineering  Inc. 


PROJECT 


Nevada  Creek  Dam 


WELL 
CONSTRUCTION 
Stand  Pipe 
Cover 


Open  System  Piezometer      Observation  Well 
(99-5b)  (99-5a) 

^    ^  ^  


1"  PVC  Pipe 
Typical 


Water  Levels 

4562.6' 

(5/22/00) 

4554.2' 
(12/20/99) 


1"  Slotted 
(0.020")  PVC 
(83  5'-88.5') 


1"  PVC  Pipe 
Typical 


Water  Levels 
458 1.4' 
(5/13AX3) 


4569.8' 
(12/20/99) 

1"  Slotted 
(0.0201  PVC 
{56.0'-61.0*) 
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CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

  HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4615.5  ft. 


Datum:  MSL 


UJ 

a 


SAMPLES 


lij 

CL 


Id 
a: 

lU 
Q. 

V) 

o 

03 


ill 

CD 


q: 

ui  o: 


TESTS 


iii'2 
z  . 
Ill 

O.  UJ 

(-»- 

O  (E 
Q.  I- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


Gravelly  Clay  (CL);  brown,  dry  to  damp,  gravel  is 
mostty  coarse,  cobbles,  some  fine  gravel,  little 
sand  (fill?) 


4.0 


4611.5 


Gravel  (GW);  compact,  dark  brown,  some  sand 


5.4 


4610.1 


5.8  Clay  (CL);  very  stiff,  brown 


4609.7 


Gravel  and  Cobbles  (GW);  light  brown 


LS-1 


10.0 


4605.5 


Sitty  Clay  (CL)  to  Fat  Clay  (CH);  stiff,  Ught  brown 
to  yellow  brown,  trace  sand  at  top  increasing  to 
little  sand  at  twttom,  silt  content  decreases 
H^^downward  (native  colluvium) 


4604.0 


Gravelly  Sand  (SC);  little  fines 


12.5 


4603.0 


Silty  Clay  (CL)  to  Fat  Clay  (CH);  stiff,  light  brown 
to  yellow  brown,  trace  sand  at  top  increasing  to 
Rttle  sand  at  bottom,  silt  content  decreases 
downward  (native  colluvium) 


16.0 


4599.5 


Clayey  Gravel  (GC);  compact,  clay  matrix  is 
reddish  brown,  gravel  is  multicolored  and  well 
graded,  gravel  is  mostiy  fine,  littie  sand,  zones 
with  white  clay  (native  colluvium) 


10- 


6 
8 
6 

P 
U 
S 
H 


LS-2 


SH-1a 


SH-lb 


10/18 
56% 


15  — 
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20 


LS-3 


11/18 
61% 

12/12 
100% 

12/12 
100% 


10/18 


1.8 
2.5 


□ 


□ 


Sample: 
LS-1 

M.C.=10.0% 


72 


Sample: 
LS-2 

M.C.=26.3% 

Sample: 

SH-la 

M.C.=NT% 

USCS=SC 

Gravel=34% 

Sand=57% 

Fines=9% 

Sample: 

SH-lb 

M.C.=30.6% 

USCS=CH 

Gravel=0% 

Sand=9%  Day 

Size=66%  SiK 

Size=25%  LL=72 

Pl=46 

Phi=19.8  degees 

Cohesk)n=580psf 

Dry 

Density=91.7pcf 
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PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


23.0 


4592.5 


Clay  (CL);  little  sand  and  gravel 


25.0 


4590.5 


Clayey  Gravel  (GC);  very  dense,  wet?,  clay 
matrix  is  brown,  gravel  is  black,  red,  wtiite. 
gravel  is  well-graded  and  angular,  some 
medium  to  coarse  sand 


38.0 


4577.5 


Clayey  Gravel  (GC);  dense,  wet,  day  is  brown, 
gravel  is  fine  to  coarse  and  mostly  black,  little 
sand 
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U3 

q: 
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Q. 
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o 
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m 
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30— I 
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40 


1 


31 
49 
53 


17 

22 


a: 

LU 

Z3 


LS-4 


o  ^ 


56% 


18/18 
100% 


TESTS 


LU 


CO 


LU  a: 

Q.  LU 

»-»- 
UJ  UJ 

O  a: 
a.  h- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 

10    20    30  40 


LS-5 


10/18 


ADDmONAl 
DATA/ 
REMARKS 


LS-3 

M.C=11.4% 


Sample: 


9.7% 
USCS=GC 
Gravd=51% 
Sand=32% 
Rnes=17% 
LL=31  Pl=15 


Sample: 
LS-5 
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Nevada  Creek  Dam 


(continued) 


X 

CL 

tu 
o 


SAMPLES 


UJ 
Q. 


a: 

UJ 

to 

$ 
O 
_i 
ca 


a: 

UJ 

m 

Z3 
2 


O 
UJ 

a: 

^2 

o  ^ 
UJ  q: 
(r  o 

2  2 


TESTS 


UJ 


UJ  q: 

CL  LU 
UJ  UJ 

O  a: 
Q-  »- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 


10    20    30  40 


ADDm0^4AL 
DATA/ 
REMARKS 


56% 


LS-6 


12/18 
67% 


1.8 
2.3 


49.0 


4566.5 


49  5  Sand  and  Gravel  (GW);  dense,  wet,  brown 


4566.0 


50.0  Clay  lens 


4565.5 


Sand  and  Gravel  (GW) 


51.0 


4564.5 


Gravelly  Clay 


53.0 


4562.5 


Clay  (CH);  very  stiff,  wet,  ofive  brown,  little  fine 
sand 


56.0 


4559.5 


Gravel  (GW);  medium  dense,  multi-colored  with 
some  green  at  59',  fine  to  coarse 


Lost  Circulation 


59.0 


45565 


Weathered  bedrock.  59.2-64.0' 
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LS-7 


12/18 
67% 


LS-6 


18/18 
100% 


60 


3 


21 
29 


LS-9 


18/18 


C3 


M.C.=13.7% 


51 


Sample: 
LS-6 

M.C.=18.0% 

USCS=GC 

Gravei=36% 

Sand=29% 

nnes=35% 

LL=46  Pl=29 


Sample: 
LS.7 

M.C.=18.3% 


Sample: 
LS-8 

M.C.=24.4% 
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(continued) 


PermeabiTity: 

59.0'  to  64.0'.  k=6940  ft/yr 
Groundwater  level  at  time  of  Drilling 


64.0 


4551.5 


See  Sheet  5  for  Continuation  of  Core  Drilled 
Portion  of  Log 

Bottom  of  Hole  at  78.5  ft. 
Groundwater  Encountered  at  61.47  ft 
(12/17/1999) 
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64.0 


4551.5 


Sirtstone,  maroon  with  tan  to  pink  mottling,  very 
thinty  bedded,  slightly  to  moderately  weathered, 
strong  to  very  strong,  highly  fractured,  some 
fractures  at  high  angle,  rust  colored  coating  on 
fracture  surfaces 


68.5 


4547.0 


65— 


4.3/4.5 


0% 


Sittstone,  as  above,  distinct  tan  mottling,  near 
vertical  fractures 


70.0 


4545.5 


Sandstone,  fine  grained,  lavender  with 
abundant  Fe-oxide  staining,  slightly  weathered, 
very  strong,  highly  fractured,  drills  to  rubble, 
minor  sittstone  rubble 


73.5 


4542.0 


Sandstone  rubble  as  above 


75.0 


4540.5 


70— 


3.6/5 


0% 


Siltstone,  maroon  with  tan  mottiing,  similar  to 
68.5-70.0*,  (not  rubble),  some  iron  banding 
76.3  perpendicular  to  bedding  planes   


4539.2 
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Sandstone,  fine  grained,  brown  to  tan,  drills  to 
rubble,  some  sittstone  at  bottom 
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4537.0 
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Bottom  of  Hole  at  78.5  ft. 
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Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4615.5  ft. 


Datum:  MSL 
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CONSTRUCTION 
Stand  Pipe 
Cover 


Open  System  Piezometer 
(99-6) 

 wi^  


2  0  Protective  Steel  Box  and  Cement  Seal  (+3'  -  2')  4613.5 


entoniteHole  Plug  (Z-1Z) 


12.0 


4603.5 


CSSI  10x20  Silica  Sand  Filter  Pack  and  Slough 
(12*  -  53") 


53.0 


4562.5 


CSSI  10x20  Silica  Sand  Filter  Pack  (53'  -67") 


67.0 


4548.5 


Slough  (67*  -  78.5') 
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60  = 
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2"  PVC  Pipe 
Typical 


"S-l. 


2"  Slotted 
(0.020")  PVC 
(55.0'-65.0') 


Water  Levels 

4562.2' 

(5/22/00) 

4554.0' 
(12/20/99) 


78.5 


4537.0 


Total  Depth  Drilled  (78.5*) 
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Nevada  Creek  Reservoir,  Montana 
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Surface  Elev.:  4579.3  fl. 


Datum:  MSL 
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Gravelly  Qay  (CL)  to  Clayey  Gravel  (GC)  with 
Some  Sand;  stiff,  slightly  moist,  red  brown, 
gravel  angular  to  subangular,  scattered 
subangular  argillite  T  in  size,  hard  at  5.0' 
(landslide  deposit) 


Boulder,  pull  auger  to  dear  for  center  stem, 
problem  with  rocks  in  shoe  (samples  1-4) 
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26 
29 
50 
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Scattered  boulders  and  cobbles 
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Clayey  Gravel  (GC)  to  Poorly  Graded  Gravel 
with  Clay  (GP-GC);  dense,  red  brown,  dry, 
scattered  red  brown  to  lavender  argillite,  some 
sand,  major  rig  chatter  at  15.0',  driller  reported 
drilling  as  "cobWy"  from  16.5-20.0 


15—-] 


11 
12 
12 


24 
26 
24 
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%S-{1&2) 
M.C.=8.2% 
USCS=GC 
Gravel=55% 
Sand=24% 
Fines=21% 
LL=51  Pl=34 
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C.=10.3% 
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Gravel=63% 
Sand=23% 
Fines=14% 
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(continued) 


Becomes  compact 


Lost  circulation,  driller  reported  casing  drove 
easy  down  to  29.5,  possibly  saturated  gravels? 


Water  level  during  drilling 


Lost  circulaton  as  above 


Permeability: 

34.5',  k>1 57.407  ft/yr  (open  end  test) 
Becomes  saturated 
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sand 

More  gray  (mixed  metamorphlcs),  and  gravel 
showing  at  40.7'.  driller  reported  less  water  loss 
since  39.5 


Permeability: 

49.0',  k=105  ft/yr  (open  end  test) 

Clayey  Gravel  with  Sand  (GC-GM);  very  dense, 
dark  gray,  multicolored  sand  and  gravel  (<1/8" 
dia)  subrounded,  observed  in  cuttings  when 
cleaning  casing  to  54.5' 
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Argilllte  <1/8"  red  and  green,  multicolored  in 
olive  gray  matrix 


57.0 


4522.3 


Weathered/broken  bed  rock,  Argillite 
moderately  strong,  interlayered  with  yellow 
sandy  clay,  turned  yellow  at  57.0',  argillite  is 
dark  red  brown 
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Permeabifity: 

58.5'  to  70.5',  k=4492  ft/yr 
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See  Sheet  5  for  Continuation  of  Core  Drilled 
Portion  of  Log 

Bottom  of  Hole  at  78.6  ft. 
Groundwater  Encountered  at  28.55  ft 
(12/12/1999) 
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4508.8 


73.6 


Argillite,  broken/weathered,  highly  fractured, 
moderately  strong,  grayish  red  interbedded  with 
yellow  to  pale  brown,  grayish  red  siliceous 
material  has  quartzlte  appearance  but  is 
moderately  strong  and  can  be  easily  scraped 
with  knife,  yellow,  yellow  brown  deposits/planes 
of  grayish  red  argillite  throughout  run  #1 


2.7/3.1 


0% 


ws 


4505.7 


Argillite,  broken/weathered,  highly  fractured, 
moderately  strong,  grayish  red,  yellow,  pale 
brown  deposits  on  fractures  as  above 
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Bottom  of  Hole  at  78.6  ft. 
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2  5  Protective  Steel  Box  and  Cement  Seal  (+3'  - 

~^2.5')    . 

Bentonite  Hole  Plug  (2.5'  -  24') 
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4555.3 


Slough  (24' -61') 
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Bentonite  Hole  Plug  (61'  -  67.2') 
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Sand  Filter  Pack  (67.2'  -  74.6') 
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Bentonite  Hole  Plug  (74.6'  -  78.6') 
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(0.020")  PVC 
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Open  System  Piezometer 
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1"  PVC  Pipe 
Typical 


Water  Levels 
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(5/22/00) 


4550.8' 
(12/20/99) 

1"  Slotted 
(0  0201  PVC 
(24.5'-34.5') 
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Sand  and  Gravel  (GM);  compact,  dry,  brown, 
gravel  mostly  fine,  sand  welt  graded,  little  silt. 
1.&-3.5'  cobt)les  and  boulders  (rock  shell) 
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Sandy  Clay  (CH);  stiff  to  very  stiff,  dry  to  damp, 
tan  to  light  brown  with  orange  mottling,  some 
silt,  fine  sand,  trace  to  some  fine  to  coarse 
gravel  (semi-pervious  embankment) 
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Gravel=5% 
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Clay  Size=50% 
Silt  Size=25% 
LL=67  Pl=47 
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30.5 
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Clayey  Gravel  (GC);  dense,  damp,  light  brown 
to  pinkish  brown,  gravel  is  mostly  coarse,  some 
to  little  sand  (landslide  deposit) 
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Gravel=22% 
Sand=17% 
Clay  Size=38 
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LL=63  PI 
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ADDmONAL 
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Clayey  Sand  and  Gravel  (GO);  dense,  damp  to 
wet  brown  to  pinkish  brown  and  pinkish  gray, 
gravel  Is  mostly  coarse  and  black  (basalt?), 
sand  Is  well  graded,  zones  with  less  day 

42-54'  pieces  of  bentonite  (grout?)  observed  in 
spoons  and  cuttings 


Less  clay,  loose  material  (48-50') 


Permeability: 

49',  k=245  ft/yr  (open  end  test) 
54',  k=955  ft^  (open  end  test) 
54'-59',  k=73  ft^r 
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Sample: 

SS-<8.9.10.11.12)( 
M.C=19.8% 
USCS=GC 
Gravel=53% 
Sand=30% 
Rnes=17% 
LL=50  Pl=25 
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J 


Clayey  Sand  and  Gravel  (GO);  more  day  than 
above  or  t}eiow,  gravel  and  sand  are  finer 


Permeability: 

59'  to  64',  k=45  ft/yr 

Clayey  Sand  and  Gravel  (GO);  very  dense,  day 
is  gray,  sand  is  fine  to  medium,  gravel  is  coarse 


56% 


66.0 


Permeability: 

64'  to  69',  k=49  ft/yr 


4562.0 


Gravel  (GW);  very  coarse,  cobble  zone 


65— 


68.0 


4560.0 


Sand  and  Gravel  (GO);  very  dense,  wet,  some 
reddish  brown  clay,  gravel  is  coarse  and  black, 
sand  is  medium  to  coarse 


Permeability: 

69'  to  74",  k=61  ft/yr 


74.0 


4554.0 


76.0 


Boulders  and  Cobbles,  very  coarse 

Permeability:  .  '  ..^ 

74',  k=217  ft/yr  (open  ended  test) 


4552,0 


Clay  (CH);  hard,  dry  to  damp,  brick  red  with 
black  gravel,  some  to  little  coarse  gravel,  little 
fine  sand 


Permeability: 

74' to  79',  k=131  ft/yr 
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82.0 


Permeability: 

79*  to  84*.  k=3158ft/yr 


4546.0 


Gravel  (GW);  very  dense,  saturated,  reddish 
brown  to  t)lack,  garvei  is  very  angular  and  vyetl 
graded,  some  fine  sand,  trace  silt 


Permeability: 

84',  k=87  fl/yr  (open  end  test) 
84-89',  k=3088 ft/yr 


89.0 


4539.0 


Clayey  Sand  and  Gravel  (GC);  dense, 
saturated,  day  is  grayish  brown,  gravel  is  black 
and  fine  to  coarse,  sand  is  medium  to  coarse 


Permeability: 

89'  to  94',  k>2496  ft/yr 


92.5 


4535.5 


Clay  (CH)  to  Clayey  Gravel  (GC);  very  stiff, 
damp,  olive-brown  to  tan,  some  rusty  mottling, 
little  coarse  gravel 

Permeat)ility: 
gg  Q  94',  k=14  ft/yr  (open  end  test) 


90— 


4533.0 


Gravelly  Clay  (CL);  very  stiff,  damp,  reddish 
brown,  gravel  is  coarse,  trace  sand 


Permeability: 

94' to  99',  k=349  ft/yr 


I 


4530.0 


Clayey  Sand  and  Gravel  (GC);  very  dense,  wet, 
grayish  brown,  sand  is  fine  to  medium 
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100.5 


4527.5 


Gravel  (GW);  coarse,  possible  cobbles  and 
boulders,  Gttie  red  day  matrix 

Fine  subrounded  gravel  toward  bottom 


Permeability: 

99-1 04',  k=312ft/yr 


89% 


104.3 


4523.7 


V 


Sittstone 


105.5 


4522.5 


See  Sheet  7  for  Core  Drilled  Portion  of  Log. 

Bottom  of  Hole  at  133.3  ft. 
Groundwater  Encountered  at  57.8  ft 
(11/23/1999) 
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GRAPHIC  LOG 

DEPTH  (FT.) 

Core  Run  (#) 

Recovery 

d 
d 

Weathering  Index 

Strength  Index 

Permeability  (fl/yr) 

Point  Load  Index 

Unit  Weight  (pcQ 
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DAT/V 
REMARKS 

i 

1              I  r 
i       ■  ; 

— 
— 
105— 

106.0 

4522.0 

Siltstone,  highly  fractured,  mostly  small  (4") 
pieces,  maroon,  some  mica,  very  thinly  bedded, 
also  pieces  of  sandstone,  light  maroon,  strong, 
siltstone  shows  tan  mottling 

X    X  ] 
X   X  3 
X   X  ] 
X   X  3 
X   X  1 
K    K  1 
X   X  > 

1  • 

.3/2.21 

i  0% 

WM 
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IV 

108.3 

4519.8 

X   X  1 
X    X  3 

Siltstone,  as  above,  tan  motting  more  common, 
fewer  sandstone  dasts,  sandstone  is  gray, 
white  silica  coating  on  fracture  surfaces 
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4514.8 

X    X  3 
^    "  ' 

■s 

Siltstone,  as  atx>ve,  motting  similar  to  run  #1 , 
largest  piece  of  rock  is  3"  long, 

X    X  3 
X   X  3 
X   X  3 
X   X  3 

i> 

1 1 3.4-1 13.9'  Siltstone  rubble  in  day  matrix, 
rubble  dasts  are  mostly  angular,  but  some 
show  rounding 
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Siltstone,  as  atjove,  motting 
rubt>le,  no  day,  no  sandston 
micaceous,  iron  staining  on  1 
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more  like  run  #2,  as 
e  pieces, 
fracture  surfaces 
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take  pressure 
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123.3 


4504.8 


Sittstone,  as  above,  top  1'  is  less  mbble,  more 
fractured  core,  maybe  a  sandy  siftstone,  minor 
cross-bedding,  some  fractures  are  near  vertical, 

125.3-125.5'  Sandstone  pieces,  pink,  fine 
grained,  very  strong 


128.3 


4499.8 


Sandstone  and  Sittstone  Rubble,  both  are 
highly  fractured  and  have  abundant  iron  staining 
on  fracture  surfaces,  sittstone  is  maroon, 
sandstone  pink  to  gray 
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Bottom  of  Hole  at  133.25  ft. 
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Surface  Elev.:  4628.0  ft. 


Datum:  MSL 


-jrG-KProtective  Steel  Box  and  Cedent  (•«-3'  -  2') 
Bentonrte  Hole  Plug  and  Slough  (Z  -  46.8 ) 


46.8 


4581.2 


Bentonite  Hole  Plug  (46.8"  -  52.9') 


52.9 


4575  1 


CSS!  10x20  Silica  Sand  Filter  Pack  (52.9' 
75.4") 


75.4 


4552.6 


Bentonite  Hole  Plug  and  Slough  (75.4'  -  96.7') 


96.7 


4531.3 


100.0  Bentonite  Hole  Plug  (96.7'  - 100') 


4528.0 


Bentonite  Hole  Plug  and  Slough  (100'  - 106.5') 
106.5   4521  5 


115.0 


CSSI  10x20  Silica  Sand  Filter  Pack  (106.5' 
115) 


45130 


Slough  (115'-  133.25') 


133.3 


4494  7 


Total  Depth 
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UJ 

O 


Open  System  Piezometer 
(99-8b) 


5! 
10^ 
15: 
20= 
25 ; 
30: 
35: 
40: 
_45: 
50: 
55: 
60  E 
65: 
70  E 
-75  E 
80  E 
85  E 
90  E 
_95E 
lOOE 
105  E 

lloE 

1-15E 
120E 
125E 
130E 


r  PVC  Pipe 
Typical 


Water  Levels 

4560.4' 

(5/22/00) 

4549.7- 
(12/20/99) 


1"  Slotted 
(0.020")  PVC 
(109'-114') 


Observation  Well 
(99-8a) 


^  I: 


1"  PVC  Pipe 
Typical 


Water  Levels 

4588.2" 

(5/13/00) 

4585.6' 

(12/20/99) 


1"  Slotted 

(0.020^  PVC 
(55'-75') 


HKM 

HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)656-6398 

STARTED  11/20/99 

FINISHED  11/23/99 

DRILL  CO  RB&G  Eng. 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

LOGGED  BY  88 

APPROVED  JTS^ 

D73 


D74 


2001 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-09 


Sheet  1  of  3 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


SUE 


Nevada  Creek  Reservoir,  Montana 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


PROJECT 


Nevada  Creek  Dam 


Surface  Elev.:  4613.5  ft. 


Datum:  MSL 


Q. 
UJ 

a 


SAMPLES 


UJ 

Q. 


b 

a: 

UJ 
Q. 

(O 

$ 
o 

CD 


01 
UJ 
CD 


O 
UJ 

cr 

UJ  tH 

(T  a 

Z  2 


TESTS 


UJ 


UJ  (t 
Q.  LLI 

H  I- 
lU  UJ 

O  a: 
a.  t- 


N  VALUE 
BLOWS/FCX)T 
□ 


wc 


PL 

10    20    30  40 


LL 
H 


ADDITIONAL 
DATA/ 
REMARKS 


TopsoD 


1.0 


4612.5 


Clayey  Gravel  with  Sand  (GO);  dense  to  very 
dense,  reddish  brown,  gravel  pieces  are  mostly 
dark  (basalt?),  and  angular  to  subangular 
(landslide  deposit) 


Rocky  Zone 


13 
23 
29 


LS-1 


18/18 
100% 


10— -1 


25 
22 


LS-2 


14/18 
78% 


15  — -1 


LS-3 


10/18 
56% 


Continued  Next  Page 


20- 


Sample: 
'■W.C.=6.6% 


54 


□ 


Sample: 
LS.2 

M.C.=8.3% 

USCS=GC 

Gravel=62% 

Sand=22% 

FiPes=16% 

LL=54  Pl=37 


Sample: 
LS-3 

M.C.=13.7% 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/18/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


JS 


FINISHED  12/18/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 


JTS 


D75 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-09 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


Sheet  2  of 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


4 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


Becomes  compact  and  moist 


Becomes  brownish  red 


Continued  Next  Page 


a. 

UJ 

o 


SAMPLES 


Q. 


o: 

UJ 

to 

o 

_J 

00 


25  — -1 

- 


12 
15 
12 


30 -H 


8 
9 

12 


35—1 


16 
11 
10 


40^ 


10 


a: 

UJ 

m 


LS-4 


LS-5 


LS-6 


LS-7 


LS-8 


Q 

UJ 

IT 

o  ^ 

UJ  (T 

o:  a 


12/18 
67% 


TESTS 


UJ 


CO 


UJ  01 
Q.  LU 
I-  I- 

ai  UJ 

O  a: 
a. 


0.5 


11/18 
61% 


5/18 
28% 


14/18 
78% 


14/18 


1.0 


2.3 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


[] 


□ 


•IB 


□ 


ADDITIONAL  I 
DATA/ 
REMARKS 


Sample: 
LS-5 

M.C.=10.3% 


52 


Sample: 
LS-7 

M.C.=17.5% 

USCS=SC 

Gravel=36% 

Sand=36% 

Fines=28% 

LL=52  Pl=31 


Sample: 
LS-8 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/18/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


JS 


FINISHED  12/1J 


DRILL  RIG 


■1 


ASST  DRILLER 


APPROVED  BY  JTS 


] 


D76 


CUENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 

ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 

SITE 

Nevada  Creek  Reservoir,  Montana 

PROJECT 

Nevada  Creek  Dam 

Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-09 


Sheet  3  of  3 


(continued) 


Q. 
UJ 

o 


SAMPLES 


tu 

Q. 


Ul 
CL 

CO 

O 
_i 
ffi 


111 
ffi 


o 
ai 

IT 

o  ^ 
LU  a: 
oca 


TESTS 


UJ 


CL  tu 

I-  »- 

UJ  UJ 

oo 
Oa: 

Q.  H 


N  VALUE 
BLOWS/FOOT 
□ 


PL 
h- 


wc 


LL 
H 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


42'  Lost  ctrcuiation 


44'  Becomes  dense,  partial  circulation 


_  jl3 


78% 


45—1 


18 
20 
20 


LS-9 


11/18 
61% 


1.75 


Permeability: 

43.5' to  54.0'.  k=1487  ft/yr 


50— 


Becomes  very  dense 


55.5 


45580 


LS-10 


18/18 
100% 


[] 


M.C.=13.4% 


Bottom  of  Hole  at  55.5  ft. 
Groundwater  Encountered  at  44.05  ft.  (12/18/1999) 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/18/99 


LOGGED  BY 


JS 


FINISHED  12/18/99 


DRILL  CO.  RB&G  Eng. 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

APPROVED  BY 


JTS 


D77 


D78 


2001 


Project  No.  8M087.156 


WELL  COMPLETION  LOG  NO.  DH99-09 


Sheet  1  of  1 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ENGINEER 


HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4613.5  ft      Datum:  MSL 


1.5  .  Protective  Steel  Box  and  Cement  Seal  (+3'  - 

\1.5')  

Bentonite  Hole  Plug  (1.5'  -  23.8') 


4612.0 


T 


23.8 


4589.7 


CSSI  10x20  Silica  Sand  Filter  Pack  (23.8* 
-54.0') 


Q. 
UJ 

O 


WELL 
CONSTRUCTION 
Stand  Pipe 
Cover 


Observation  Well 
(99-9) 


54.0 


4559.5 


^S^SIough  (54.0' -  55.5') 
Total  Depth  55.5' 


5— 

loP 

15; 
20: 

'25: 

30: 

35: 
40: 
45: 
50: 

J55- 


Water  Levels 

4596.8" 

(5/13rtXD) 


r  PVC  Pipe 
Typical 


2"  Slotted 
(0.0201  PVC 
(34.0'-54.0") 


4569.5* 
(12/20/99) 


5V 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)656-6398 


STARTED  12/18/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


JS 


FINISHED  12/18/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED 


JTS  J 


D79 


D80 


2001 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-10 


Sheet  1  of  4 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4554.6  ft. 


Datum:  MSL 


9.5 


14.5 


o 
o 

X 

UJ 
U) 

—> 
a. 
o 
(/) 

8 

UJ 

a: 
o 


Sandy  Gravel  (GP);  loose  to  compact,  brown, 
Kttie  to  some  silt/clayey  silt,  becomes  moist, 
gravel  pieces  are  angular  to  subrounded  (fill?  or 
cofluvium) 


4545.1 


Fat  Clay  (OH);  little  sand  and  gravel,  medium 
stiff,  light  to  reddish  brown,  gravel  is  fine  to 
coarse  and  angular  to  subrounded  (landslide 
deposits) 


4540.1 


CL 
UJ 
O 


Sand  and  Gravel  (GW-GC);  compact,  brown, 
little  to  some  clay,  gravel  pieces  are  dark  and 
angular  to  subangular,  saturated  (alluvium) 


Continued  Next  Page 


5  — 


SAMPLES 


111 

Q. 


ir 

UJ 

a. 

w 

$ 
o 

_l 

CD 


10- 


15  — 


20  — 


11 
14 
19 


P 
U 
S 
H 


a: 

UJ 
00 


A-1 


LS-1 


SH-1 


LS-2 


UJ  cr 

OC  o 


90/90 
100% 


13/18 
72% 


16/20 
80% 


18/18 
100% 


TESTS 


UJ*2 
z  . 
UJ  q: 

Q.  UJ 

t-i- 
ai  UJ 

O  a: 
Q.  »- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


□ 


ADDITIONAL 
DATA/ 
REMARKS 


Sample: 
A-1, LS-1 

M.C.=6.1% 
Gravel=69% 
Sand=16% 
nnes=15% 


86 


Sample: 
LS-1 

M.C.=5.1% 


Sample: 
SH-1 

M.C.=35.7% 
USCS=CH 
Gravel=3% 
Sand=13% 
Clay  Size=57% 
Sitt  Size=27% 
LL=86  Pl=51 
Phi=15.7  degees 
Cohesion=600psf 
Dry 

Density=81 .9pcf 
Dispersion=0.0% 

Sample: 

LS-2  M.C.=NT% 

USCS=GC 

Gravel=51% 


UJ 


8 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/10/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


JS 


FINISHED  12/10/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 


JTS 


D81 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-10 


I 


Sheet  2  of  4 


1 


I 


CLIEf^ 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SUE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


o 
o 
_i 

o 

X 
0. 

< 
o 


t- 

LU 

o 


SAMPLES 


LU 
CL 
> 


(O 

cr 

LU 

a. 
to 

$ 

O 
_j 
m 


24.0 


4530.6 


Clay  Lens 


25.0 


4529.6 


Gravel  as  above 


I 


14 


i  — 


U 

s 

H 


20— i 


12 
15 
17 


33.0 


4521.6 


Sitty  Clayey  Gravel  (GC-GM);  Argillrte  pieces  in 
clay  matrix,  brown  to  reddish  brown,  very 
dense,  mottled  red  and  light  brov/n  (weathered 
bedrock) 


Permeability: 

34.0'.  k=85  ft/yr  (open  end  test) 
34.0'  to  39.0'.  k=14508  ft/yr 


Continued  Next  Page 


35 -H 


18 
40 
25 


40 


8 
26 


LU 

m 

Z 


LS-3 


SH-2 


Q 

LU 

a: 

UJ  01 

cr  o 

2  2 


10/18 
56% 


0/16 
0% 


TESTS 


uj'2 
z  . 
ui  a: 
o.  tu 
[- 1- 

LU  LU 

O  tr 
Q.  t- 


LS-4 


LS-5 


LS-6 


12/18 
67% 


14/18 
78% 


18/18 


N  VALUE 
BLOWS/FOOT 
□ 


PL  WC 
I  •- 


LL 


10    20    30  40 


□ 


ADDITIONAL 
DATA/ 
REMARKS 


I 

i 


SarKi=35% 
Fines=14% 
LL=35  Pl=18 


Sample: 
S-6 


I 

i 
I 
I 


I 
I 
I 
I 

I 
I 


I 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/10/99 


DRILL  CO  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


JS 


FINISHED  12/1*^1^5 


DRILL  RIG 


CfV. 


ASST  DRILLER 


APPROVED  BY 


JTS 


I 


tj 


D82 


Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-10 


Sheet  3  of  4 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


(continued) 


X 
Q. 


SAMPLES 


HI 
Q. 


Id 
OH 

UJ 

Q. 
(0 

O 
_i 
m 


m 


o  ^ 
a:  o 

2  2 


TESTS 


UJ 


Q.  UJ 


111 

o  q: 


N  VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


100% 


Weathered  bedrock 
Permeability; 

34.0*  to  44.0*.  k=16231  tt/yr 


44.4 


4510.2 


I,.  .Ji. 


1 


45— 


50- 


19 

60/4f 


LS-7 


10/10 
100% 


M.C.=NT% 

USCS=GM 

Gravel=40% 

Sand=37% 

Fines=23% 

LL=22  Pl=2 


See  Sheet  4  for  Continuation  of  Core  Drilled 
Portion  of  Log 

Bottom  of  Hole  at  50.9  ft 
Groundwater  Encountered  at  12.3  ft 
(12/10/1999) 


Continued  Next  Page 


HKM 

Engineering 

HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 

STARTED       1 2/1 0/99 

FINISHED  12/10/99 

DRILL  CO  RB&G  Eng. 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

LOGGED  BY  JS 

APPROVED  BY  JTS^ 
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Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-10 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


srrE 


Nevada  Creek  Resen^oir,  Montana 


(continued) 


o 
o 
—I 

g 

I 

Q. 
< 

O 


Sheet  4  of  4 


ARCHITECT/ENGINEER 

  HKM  Engineering  Inc. 


PROJECT 


Nevada  Creek  Dam 


a. 

ai 
Q 


SAMPLES 


Q. 


lo 
111 

CL 

vy 

O 
_i 

03 


01 
Ui 

ffi 


a 

UJ 

a: 
UJ  a: 

2  2 


TESTS 


LU 


(0 


UJ 


O  on 
a.  H 


N VALUE 
BLOWS/FOOT 
□ 


PL 


WC 


LL 
H 


10    20    30  40 


ADDITIONAL 
DATA/ 
REMARKS 


44.4 


4510.2 


Argillite,  lavender,  interiayered  with  dolomite 
(buff  to  gray),  moderately  strong,  highly 
fractured,  light  pink,  strong  quartzite  at  47.8' 


ROD 
0% 


45— 


47.4 


4507.2 


Argillite,  interiayered  with  quartzite,  argillite  and 
quartzite  as  above,  highly  fractured 


50.9 


4503.7 


Bottom  of  Hole  at  50.9  ft. 
Groundwater  Not  Encountered  (12/10/1999) 


RQD 
0% 


50— 


K=3001fl/yr 


K=3001ft/', 


I 

I 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  12/10/99 


DRILL  CO.  RB&G  Eng 


DRILLER 


BH 


LOGGED  BY 


SS 


FINISHED 


12/10/99 


DRILL  RIG 


ASST  DRILLER 


APPROVED  BY 


JTS  J 


D84 
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Project  No.  8M087.156 


WELL  COMPLETION  LOG  NO.  DH99-10 


Sheet  1  of  1 


CUENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


SUE 


Nevada  Creek  Reservoir,  Montana 


Surface  Elev.:  4554.6  ft.      Datum:  MSL 


2  0  Protective  Steel  Box  and  Cement  Seal  (0'  -  2')  4552.6 
Bentonite  Hole  Plug  (Z  -  9.3-) 


9.3 


4545.3 


CSSI  10x20  Sifica  Sand  Filter  Pack  (9.3'  -  20*) 


20.0 


4534.6 


Bentonite  Hole  Plug  (20'  -  28') 


28.0 


4526.6 


Sand  (28'  -  50.9') 


50.9 


4503,7 


X 
1- 

o. 

UJ 
D 


5  — 


10— 

15: 
-20: 
25: 
30: 
35: 
40: 
45: 

50= 


ENGINEER 


PROJECT 


HKM  Engineering  Inc. 


Nevada  Creek  Dam 


WELL 
CONSTRUCTION 
Stand  Pipe 
Cover 


Observation  Well 


(99-10) 


1"  Slotted 
(0.020^  PVC 
(10'-20') 


1"  PVC  Pipe 
Typical 


Water  Levels 
4544.7 

4542.3* 
(12/20«9) 


V 


HKM 

HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)656-6398 

STARTED  12/10/99 

FINISHED  12/10/99 

DRILL  CO.  RB&G  Eng. 

DRILL  RIG  CME-55 

DRILLER  BH 

ASST  DRILLER 

Engineering 

LOGGED  BY  JS 

APPROVED  JTS^ 

D85 
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I 
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I 


I 


I 
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Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-11 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


Sheet  1  of  3 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 


Nevada  Creek  Reservoir,  Montana 


Nevada  Creek  Dam 


Surface  Elev.:  4608.5  ft      Datum:  MSL 


Q. 
UJ 
O 


SAMPLES 


UJ 

a. 


111 

Q. 

o 

_l 
m 


CD 


o 
u 

on 

UJ  a: 
a:  a 


TESTS 


UJ 


UJ  a: 

Q.  UJ 
UJ  UJ 

O  q: 

Q.  I- 


N  VALUE 
BLOWS/FOOT 
□ 


PL 
h- 


WC 


LL 
H 


10    20    30  40 


I 

1 

> 

L. 

(—1 

□ 

ADDITIONAL 
DATA/ 
REMARKS 


0.5  Sandy  Sitt,  Topsoa 


4608.0 


Clayey  Gravel  (GC);  compact,  dry  to  moist, 
pinkish-brown  (darker  in  upper  5.0')  gravel  Is 
mostly  coarse,  ittie  medium  to  coarse  sand 
(landslide  deposit) 


10- 


Gravel  mostly  fine 


20.0 


4588.5 


Continued  Next  Page 


20- 


5 
9 

10 


ss-1 


18/18 
100% 


SS-2 


6/18 
33% 


4 

6 
7 


SS-3 


6/18 
33% 


SS-4 


4/18 
22% 


Sample: 
SS-1 

M.C.=19.5% 


Sample: 
SS-2 

M.C.=11.7% 


HKM 

HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings.  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 

STARTED  11/29/99 

FINISHED  11/30/99 

DRILL  CO.  RB&G  Eng. 

DRILL  RIG  CME-55 

Engineering 

DRILLER  BH 

ASST  DRILLER 

LOGGED  BY  SS 

APPROVED  BY  JTS^ 
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Project  No.  8M087.156 


LOG  OF  BOREHOLE  NO.  DH99-11 


Sheet  2  of 


Ji 
I 


CLIENT 

Montana  Dept.  of  Natural  Resources  and  Conservation 


ARCHITECT/ENGINEER 

HKM  Engineering  Inc. 


SITE 


PROJECT 
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Clayey  Gravel  (GO);  compact  moist, 
pinkish-brown,  little  silt,  little  coarse  sand,  gravel 
is  mostly  fine 


25.0 


4583.5 


Gravelly  Clay  (CL)  to  Clayey  Gravel  (GC);  hard, 
damp,  reddish-brown  with  red  and  tan  mottling, 
gravel  is  coarse,  little  fine  to  coarse  sand,  rock 
in  shoe 


25- 


29.5 


4579.0 


Sand  and  Gravel  (GM);  very  dense,  damp,  dark 
30.3  brown,  gravel  fine  to  coarse,  sand  is  coarse,  4578.2 

\somesilt      / 

Sitty  Clay  (CL);  hard,  dry,  gray  with  rust  mottling, 
little  coarse  gravel,  scattered  boulders,  trace 
sand 
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4573.8 


Sand  and  Gravel  (GC);  compact,  damp,  dark 
brown  with  dark  gray  gravel,  some  clay,  gravel 
is  fine  to  coarse,  sand  is  medium  to  coarse 
(gravel  appears  to  be  volcanic) 
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Scattered  cobbles  and  boulders 
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Sand  and  Gravel  (GO);  dense,  upper  0.2'  Is  wet, 
rest  Is  moist,  dark  brown  with  gray  to  black 
gravel,  gravel  is  fine  to  coarse,  sand  is  fine  to 
medium,  some  clay 
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Borehole  terminated  due  to  broken  casing  from 
boulders  dunng  drilling 


Bottom  of  Hole  at  50  ft. 
Groundwater  Encountered  at  48  ft.  (11/30/1999) 


11 
13 
23 


SS-1C 


12/18 
67% 


67 


Sample: 

SS-9  M.C.=22% 

USCS=GC 

Gravel=40% 

Sand=27% 

Fines=33% 

LL=67  Pl=42 


Sample: 
SS-10 

M.C.=9.5% 
Gravel=62% 
Sand=28% 
Fines=10% 


HKM 

Engineering 


HKM  Engineering  Inc. 
222  North  32nd  St. 
Billings,  MT  59101 
Telephone:  (406)  656-6399 
Fax:  (406)  656-6398 


STARTED  11/29/99 


DRILL  CO.  RB&G  Eng. 


DRILLER 


BH 


LOGGED  BY 


ss 


FINISHED  11/30/99 


DRILL  RIG  CME-55 


ASST  DRILLER 


APPROVED  BY 


JTS 


D89 


D90 


2001 


Project  No.  8M087.156 


WELL  COMPLETION  LOG  NO.  DH99-11 
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APPENDIX  E 


RELIEF  WELL  LOGS 


(Note:  Logs  for  Relief  Wells  4  through  8  have  not  been 
prepared  as  of  this  printing.  The  logs  will  be  added  in  the 
future  when  they  are  prepared.) 
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5"x5"x5"  PVC  Tee 
ot  El.=4551.60 
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FILL;  gravelly  lean  cloy  backfill  with  scattered 
boulders  after  excavation  for  drilling  ond 
well  connpletion.    Drilling  started  at  elevation 
4551. 10±. 

CLAYEY  GRAVEL.  (GO);  moderotely  dense,  dry 
to  slightly  moist,  brown  to  red  brown,  sandy 
ond  moist  with  depth. 


WELL  GRADED  GRAVEL  with  SAND.  (GW):  dense, 
soturated  ot  13.63',  dork  gray  ot  18.63'  with 
stiff,  soturoted  gray  sondy  leon  cloy  showing 
in  gravel  motrix  from  18.63'  to  21.63'±.  Less 
cloy,  more  sand,  brown  to  red  brown  from 
21.63'  to  23.63'.    Lorger  gravel  ot  23.63', 
medium  (1-1/2"  to  2")  rounded  to  subrounded, 
sandy,  saturated,  in  olive  gray  to  groy  matrix. 
Grove!  as  above.    Color  change  in  matrix  to 
grayish  brown,  yellow  brown  to  ton,  small 
(<1/4"  to  1/8")  fragments  of  yellow  brown 
siltstone  showing  intermittently  from  36.63'  to 
38.63".    Driller  reported  color  change  ot  38.63' 
and  harder  drilling  from  36.63'  to  38.63'. 


BEDROCK  (ARGILLITE):  fractured,  weathered  (poor 
returns  intermixed  with  gravel)  from  38.63'  to 
43.63'.    Initial  color  change  at  38.63'  to  red 
brown.    Small  fragments  of  red  brown  fine  groined 
orgillite  and  yellow  brown  to  brownish  yellow 
siltstone  and  very  fine  groined  sandstone  showing. 
Argillite  ond  siltstone  and  very  fine  sandstone  ore 
fractured,  moderotely  strong  to  strong,  yellow 
brown  to  brownish  yellow  from  43.63'  to  47.22'. 
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Threaded  Cop 


NOTE: 

Drain  outfall  invert  elevotion  for  TRW-1  =  4545.30 


LITHOLOGIC  AND  COMPLETION  LOG, 
TEST  PRESSURE  RELIEF  WELL  TRW-1 

NEVADA  CREEK  DAM.  POWELL  COUNTY,  MONTANA 
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FILL:  excovoted  sandy  lean  clay  backfill  with 
scattered  boulders  after  excavation  for 
drilling  and  well  completion.    Drilling  started 
at  elevation  4549.97±. 


SANDY  LEAN 
brown. 


CLAY,  (a):  stiff,  nnoist.  red 
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WELL  GRADED  SAND.  (SW);  moderately  dense, 
fine  to  medium,  scattered  subongulor  rock 
1/2"+.  moist,  groy. 

aAYEY  GRAVEL  with  SAND.  (GO);  moderately 
dense,  sandy,  saturated,  dork  gray  to  very 
dork  groy. 

POORLY  GRADED  GRAVEL  with  SAND.  (GP); 
dense,  medium  to  coarse  (1"  to  2"+)  sub- 
ongulor to  subrounded,  saturated,  light  gray 
to  gray.    Well  graded  from  25.29'  to  30.29*. 
dense,  sandy,  multicolored  in  olive  gray  matrix. 
Fine  to  medium  grovel,  maximum  observed 
size  1"  to  1-1/2  .  rounded  to  subrounded. 
Sandy,  cleaner  at  25.29'±. 

BEDROCK  (SILTSTONE/SANDSTONE/ARGILUTE): 
very  fine  groined,  sandstone,  fractured,  yellow 
brown.    Tabular  cuttings,  deep  red.    Red  brown 
biocky  cuttings  starting  to  show  ot  39.29'±. 
Color  changes  to  deep  red.  dork  red  brown/ 
lavender  at  40.29'.    Argillite  cuttings  ore  biocky. 
(No  reaction  with  HCL).    Cuttings  color  lavender 
from  39.29'  to  46.29',  yellow  brown  from  46.29' 
to  49.47'.    Rock  cutting  chips  moderotely  strong 
to  strong. 
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5  PVC  Flush 
Threaded  Cop 


NOTE: 

Drain  outfall  invert  elevation  for  TRW-2  =  4545.30 


LITHOLOGIC  AND  COMPLETION  LOG, 
TEST  PRESSURE  RELIEF  WELL  TRW-2 

NEVADA  CREEK  DAM,  POWELL  COUNTY,  MONTANA 
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FILL;  backfill  with  gravelly  clay  with  scattered 
boulders  after  excavation  for  drilling  and  well 
completion.    Storted  drilling  at  elevation  4550.82'± 

CLAYEY  GRAVEL.  (GC);  poorly  groded.  moderately 
dense,  moist,  gray  to  dork  brown.    Sandy,  moist, 
dork  brown  to  red  from  9.55'  to  14.55*.  More 
clay  (sandy  lean  cloy)  in  gravel  from  14.55'  to 
19.55  .    Adding  water  at  17.55'±.    Weak  red  at 
19.55'. 


WELL  GRADED  GRAVEL  with  SAND,  (GW):  dense, 
medium,  maximum  size  1"  to  1  —  1/2".  rounded, 
saturated,  multicolored  in  gray  to  olive  gray 
matrix.    Red  lean  cloy  showing  in  cuttings  to 
24.55*.    Cleaner  at  24.55*.    Color  changes  at 
34.55'  to  yellow  brown. 


BEDROCK  (ARGILUTE):  highly  weathered,  fractured, 
yellow  brown  to  ton.    Light  orange  brown  at 
27.05*±.    Yellow  brown  to  total  depth.  Argillite 
less  fractured  and  moderately  strong  to  strong  at 
about  36.55'±. 
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NOTE: 

Drain  outfall  invert  devotion  for  TRW-3  =  4548.20 


LITHOLOGIC  AND  COMPLETION  LOG, 
TEST  PRESSURE  RELIEF  WELL  TRW-3 

NEVADA  CREEK  DAM,  POWELL  COUNTY,  MONTANA 
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APPENDIX  F 
TEST  PIT  LOGS 


(Note:  Test  pits  were  excavated  to  determine  the  nature  of  the 
landslide  deposits  around  the  upstream  and  downstream  left 
abutment.  Test  pits  were  also  excavated  in  the  downstream 
area  to  evaluate  the  extent  of  gravel  alluvium  deposits.  See 
Figure  6-2  in  the  Nevada  Dam  Rehabilitation  Feasibility  Study 
Report,  dated  October  1,  2000,  for  location  of  the  test  pits.) 


Fl 


2001 


F2  2001 


Test  Pit  Logs 
Nevada  Creek  Dam 

Montana  Department  of  Natural  Resources  and  Conservation 
Page  1  of  3 

Test  Pit  TP-1: 

Approximate  Surface  Elevation  4609  (ft) 

0.0  -1.0ft.     Broken  rock,  cobbles  to  large  gravel  in  size,  dark  brown  silty  sand  matrix. 

1 .0  -  11 .0  ft.   Clayey  Gravel  with  Cobbles  (GC);  firm  to  medium  dense,  reddish  brown 
to  tan,  clay  is  plastic,  gravel,  boulders,  cobbles,  and  occasional  18" 
boulders  are  angular  to  sub-angular  of  volcanic  origin  (basaltic/rhyolitic), 
clay  matrix  is  contorted  showing  signs  of  re-deposition.  No  groundwater 
encountered  (Landslide  deposit) 

Test  Pit  TP-2: 

Approximate  Surface  Elevation  4607  (ft) 

0.0  -  1.5  ft.     Broken  rock,  cobbles  to  large  gravel  in  size,  darl<  brown  silty  sand  matrix. 

1.5  -  12  ft.      Clayey  Gravel  with  Cobbles  (GC);  firm  to  medium  dense,  reddish  brown 
to  tan,  clay  is  plastic,  gravel,  boulders,  cobbles,  and  occasional  1 8" 
boulders  are  angular  to  sub-angular  of  volcanic  origin  (basaltic/rhyolitic), 
clay  matrix  is  contorted  showing  signs  of  re-deposition.  No  groundwater 
encountered.  Red  zone  along  side  wall.  (Landslide  deposit) 

Test  Pit  TP-3:  .  .; 

Approximate  Surface  Elevation  4615  (ft) 

0.0  -  0.67  ft.    Silty  Sand  (SC);  dark  brown,  grass  roots  (topsoil)  ]  - 

0.67  -  5.0  ft.    Clayey  Silt  with  Sand  (ML)  to  Silty  Clayey  Sand  (SC);  medium 

dense/firm,  medium  brown,  gravel  to  cobble  size  pieces  of  basalt  (angular 
to  sub-angular) 

5.0  -  10.0  ft.    Matrix  as  above  with  abundant  (30-40%)  clasts  of  platy  basalt  pieces,  size 
up  to  24"  in  largest  dimension.  . 
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Test  Pit  Logs 
Nevada  Creek  Dam 

Montana  Department  of  Natural  Resources  and  Conservation 
Page  3  of  3 

Test  Pit  TP-8: 

Approximate  Surface  Elevation  4549  (ft) 

0.0  -  4.0  ft.     Organic  Silt  and  Clay  (OL);  soft,  black-brown 

4.0  -  7.0  ft.     Sand  and  Gravel  (GP);  loose,  van-colored,  occasional  10"  sub-angular 
cobble,  cobble  content  increases  with  depth,  rapid  groundwater  seepage 
below  4.0'.  (Nevada  Creek  Alluvium) 

Test  Pit  TP-9:  ' 

Approximate  Surface  Elevation  4542  (ft) 


0.0 -2.0  ft.     Organic  silt  (OL);  soft,  black  ' 

2.0  -  5.0  ft.     Sand  and  Gravel  (GP);  very  loose,  vari-colored,  sub-angular  pieces, 

occasional  6"- 12"  cobbles,  rapid  groundwater  seepage  at  3.5'  along  uphill 
face  of  pit,  hole  caved  below  3.0'.  (Nevada  Creek  Alluvium) 

Test  Pit  TP-10:  '  "        '  ■   '  "  ^  ' 


Approximate  Surface  Elevation  4542  (ft)  "       '  •  ' 

0.0 -1.0  ft.     Topsoil,  roots 

1 .0  -  6.5  ft.     Silty  Sand  (SM);  compact,  dark  brown 

6.5  -  12.0  ft.    Sandy  Gravel  (GP);  compact,  brown  matrix,  vari-colored  gravel,  little  silt, 
seepage  at  10.0'  (Nevada  Creek  Alluvium) 

Test  Pit  TP-11:  •  '  "  ^ 


Approximate  Surface  Elevation  4544  (ft) 

0.0  -  4.5  ft.     Sandy  Loam  (SM);  firm,  dark  brown 

4.5  -  12.0  ft.    Sandy  Gravel  (GP);  compact,  brown  matrix,  vari-colored  gravel,  little  silt, 
seepage  at  8.0'  (Nevada  Creek  Alluvium) 
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APPENDIX  G 


PROJECT  DRAWINGS 


(NOTE:  Project  drawings  will  be  added  following 
rehabilitation  of  the  spillway  and  outlet  tunnel,  and 
placement  of  the  downstream  toe  berm.) 
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